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I. 

INTRODUCTION. 

A . Preliminary. 

A building  truss  when  subject  to  horizontal  loading  is  a 
statically  indeterminate  structure.  Two  classes  of  this  type 
of  structure  are  herein  considered. 

Class  I.  Columns  assumed  to  resist  no  bending  moment  at 
their  bases. 

A solution  of  this  problem  necessitates  the  determination 
of  four  unknowns , viz:-  the  horizontal  and  vertical  reactions  at 
each  column  base.  The  three  equations  of  static  equilibrium 
being  obviously  inadequate,  it  is  customary  in  designing 
practice  to  obtain  the  necessary  fourth  equation  by  the  assLimp- 
tion  of  equal  horizontal  reactions. 

Class  II . Columns  assumed  as  fixed  at  their  bases  and 
thereby  capable  of  resisting  bending  moment. 

This  problem  presents  six  unknowns,  viz:-  the  horizontal 
and  vertical  reactions  aid  the  resisting  moment  at  each  column 
base.  Here  the  three  equations  of  static  equilibrium  musts  be 
augmented  by  three  other  equations.  In  this  case,  also, 
practice  has  circumvented  the  difficulty  by  arbitrary  assump- 
tions, viz: 


2. 


1.  Assuming  equal  horizontal  reactions* 

2 & 3*  Assuming  the  location  of  the  point  oi  contrafle-^ure  or 
zero  bending  moment  in  each  column. 

All  authorities  seem  to  agree  on  the  assumptions  of  equal 
horizontal  reactions,  but  they  differ  regarding  the  assumptions 
for  the  location  of  the  point  of  contraflexure.  The  assumptions 
with  regard  to  the  location  of  this  point  are  of  owo  claosos, 

1*  Arbitrary  Assumptions.  This  is  the  method  used 
generally  in  designing  'practice.  The  point  of  eontraxlexure 
is  usually  assumed  midway  between  the  column  base  and  the  foot 
of  the  knee  brace;  but  where  it  is  quite  evident  that  the 
columns  are  not  rigidly  fixed  at  their  bases,  the  point  Oi 
contra  flexure  is  often  lowered  to  one-thiro.  or  one-^oarth  the 
distance  between  column  base  and  knee  brace. 

2.  By  Formulas  Based  on  Other  Assumptions.  This  method 
may  be  subdivided  into  three  classes  according  to  the  assump- 
tions made. 

a.  Columns  are  assumed  fixed  at  their  bases,  and  the 
horizontal  deflections  of  the  top  of  the  column  and  the  foot  of 
knee  brace  are  assumed  equal.  Under  this  assumption  the  point 

a x 

of  contra  flexure  is  found  by  the  formula;  y = Bd  1 h ; 

where,  y is  the  height  of  the  point  of  eontraflexure  abcv  e tie 
_d  is  the  height  to  the  foot  of  the  knee  brace 
column  baseband  h is  the  height  of  the  column. 

b.  Columns  are  assumed  to  be  fixed  at  their  bases  and  to 
be  rigidly  fixed  for  th  portion  above  the  foot  of  knee  brace. 

In  accordance  with  this  assumption  the  point  of  contraflex  ure 
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is  midway  between  the  column  base  and  foot  of  knee  brace,  This 
assumption  therefore  is  in  accord  with  the  arbitrary  assumption. 

These  methods  are  given  by  Zetehum  in  ’’Steel  Mill  Build- 
ings Third  Edition,  p.  87. 

c.  Columns  are  assumed  to  be  rigidly  fixed  at  their  bases 
and  tops.  In  accordance  with  this  assumption  the  point  of 
contraflexure  is  midway  between  top  and  bottom  of  column.  This 
method  is  rarely  used  as  it  seems  to  place  the  point  of  contra- 
flexure  too  high. 

This  method  is  given  by  Burr  and  Ealk  in  "Influence  lines 
for  Bridges  and  Hoofs,”  Third  Edition,  p.  53. 

ill  these  assumptions  are  mere  guesses , but  some  of  them 


have  been  used  so  long  and  consistently  that  they  have  gained 
the  sanction  of  good  engineering  practice.  Heretofore  no  one 
has  kno wn  how  any  one  of  t nese  assumptions  compares  with  actual 
facts  in  the  case. 


B.  Purp  o s e . 

The  purpose  of  this  thesis  is  threefold: 

1.  To  present  a rational  solution  of  the  problem:  a 

solution  based  upon  the  known  elastic  properties  of  the  material 
and  Maxwell's  Theorem  of  Reciprocal  Displacements. 

2.  To  determine  how  these  rational  results  compare  with 
the  results  obtained  by  making  the  common  assumptions. 

3.  To  study  the  effect  on  the  reactions  of  variation  s in 
different  characteristics  of  the  structure  and  develop  empirical 
formulas  for  determining  the  reactions  and  moments. 
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G.  Scope . 

The  method  of  solution  presented  herein  is  general  and 
may  he  applied  to  any  structure  consisting  of  a truss  of  any 
type  supported  on  two  columns  and  connected  in  two  places  to 
each  column* 

The  empirical  formulas  developed  are  not  so  general  in 
their  application  as  is  the  method  of  solution.  Time  has  not 
permitted  a treatise  of  the  subject,  which  would  include  a 
study  of  the  effect  on  the  reactions  of  a variation  in  each  and 
all  the  characteristics  of  the  structure.  However,  a type  of 
structure  very  commonly  used  in  practice  has  been  chosen  for 
this  thesis;  and  the  results  shorn  the  effect  of  variations  in 
those  characteristics  of  the  structure jiwhich  appreciably  affect 
the  reactions  and  moments. 

The  writer  does  not  presume  to  draw  general  conclusions 
from  meager  data.  Rather  the  intention  is  to  make  an  intensive 
study  of  certain  phases  of  the  problem  and  find  out  where  more 
time  might  be  most  profitably  spent. 
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II. 


METHOD  OP  SOLUTION. 

A.  In  general. 

Maxwell's  Theorem  of  Reciprocal  Displacements  establishes 
a mutual  relation  between  any  two  points  of  a structure,  xhis 
theorem,  which  easily  admits  of  proof,  may  be  stated  thus: 

If  a force  P at  any  point  of  a structure,  as  at  A,  acting 
in  any  direction,  as  horizontal,  causes  a deflection  d of  any 
other  point  of  the  structure  , i.as  B,  in  any  direction,  as  verti- 
cal; then  will  the  force  P acting  vertically  at  B cause  a 

horizontal  deflection  d.  at  Am 

XL 7* 

This  principal  furnishes  an  excellent  means  for  determin- 
ing the  reactions  of  an  indeterminate  structure,  as  a mill 
building  truss  when  subject  to  horizontal  loads.  For  example: 
suppose  we  have  given  a truss  as  in  Pig.  1 loaded  with  a hori- 
zontal force  of  one  pound  at  J,  and  we  wish  to  know  the  vertical 
reaction  at  B caused  by  this  load.  The  method  for  determining 
this  reaction  is  as  follows: 

Aw ly  a force  of  one  pound  vertically  at  B.  (Pig.  13). 

This  force  causes  the  structure  to  deflect.  Find  dg,  the 

v 

vertical  displacement  of  B,  and  dj , the  horizontal  displacement 
of  J.  Bv  Maxwell's  Theorem,  the  displacement  dj  equals  the 
vertical  displacement  which  B would  undergo  due  to  a horizontal 
load  of  one  pound  at  J.  Now,  if  one  pound  at  J causes  the  point 


. 


B to  displace  dj  and  one  pound  at  B causes  the  point  B to  dis- 
place dg , then  the  reaction  at  B caused  by  one  pound  at  J is 

Rb  = dj/dB  x 1 lb. 

Thus  the  deflection  diagram  of  the  structure  when  subject 
to  one  pound  vertical  force  at  a reaction  point,  is  an  influence 
diagram  for  the  vertical  reaction  at  that  point. 

In  the  same  manner,  the  deflection  diagram  of  the  struct- 
ure when  subject  to  one  pound  horizontal  force  at  a reaction 
point,  is  an  influence  diagram  for  the  horizontal  reaction  at 
that  point. 

In  the  determination  of  the  resisting  moment  the  appli- 
cation of  the  method  is  similar.  For  example:  suppose  we  have 
given  the  same  truss  loaded  with  a horizontal  force  of  one 
pound  at  J,  and  we  wish  to  know  the  resisting  moment  at  B caused 
by  this  load. 

Apply  a moment  of  one  inch  pound  at  B (Fig.  19)  through 
a perfectly  rigid  lever  rigidly  attached  to  the  column  at  B. 
Consider  this  lever  as  BK  of  length  k inches;  then  the  force  at 
K is  l/k  pounds  normal  to  the  lever.  Find  the  distance,  d^ 
between  the  original  position  of  K and  the  point  where  the  lever 
after  the  force  is  applied,  cuts  the  horizontal  line  through  K. 
Find  dj , the  horizontal  deflection  of  J.  By  Maxwell’s  Theorem, 
this  displacement  dj  eouals  l/k  times  what  the  distance  dK  + 4*  | 
would  be  with  one  pound  applied  horizontally  at  J.  Bow  if  one 
pound  at  J causes  the  lever  to  deflect  k x dj  and  one  inch  pound 
at  B causes  the  lever  to  deflect  d^  + A4 , then  the  moment  at  B 


* 

* 

, 


' . 


. 


8 


caused  by  one  pound  at  J is 

M-o  s * 1 in*  lb* 

° dK  1^4 

Thus  the  deflection  diagram  of  the  structure  when  subject 
to  one  inch  pound  at  a reaction  point  is  an  influence  diagram 
for  the  resisting  moment  at  that  point. 

We  shall  now  use  the  influence  diagram  for  the  determina- 
tion of  the  reactions  and  moments  for  a typical  mill  building 
truss  when  subject  to  horizontal  loadings.  A line  diagram  of 
the  structure  is  shown  with  dimensions  in  Pig-  X*  Table  I 
gives  the  design  and  general  data. 

There  are  two  distinct  classes  to  be  considered,  viz: 
Class  I , columns  hinged  at  their  bases;  and  Class  II,  aolumns 
fixed  at  their  bases.  These  classes  will  be  considered  in  the 
order  named. 


B.  Class  I,  Columns  Hinged  at  their  Bases. 

In  this  case,  only  the  horizontal  reactions  are  statically 
indeterminate,  for  there  can  be  no  resisting  moments  at  the 
column  bases,  and  the  vertical  reactions  are  easily  found  by  the 
equations  of  static  equilibrium.  We  shall  determine  the  influ- 
ence diagram  for  the  horizontal  reaction  at  B-  As  has  been 
explained,  this  diagram  is  the  deflection  diagram  of  the  struct- 
ure when  subject  to  a horizontal  force  of  one  pound  at  B. 

In  order  that  the  structure,  (Pig.  3)  may  be  in  equilibrium 
this  horizontal  force  of  one  pound  at  B must  be  resisted  by  an 
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equal  and  opposite  force  at  D*  These  horizontal  forces  at  the 
points  of  support  effect  bending  in  the  columns  and  develop 
horizontal  forces  at  their  points  of  connection  with  the  truss 
(pig.  £) . These  forces  are  statically  determinate.  With  respect 
to  the  colimns  they  are  equal  and  opposite  when  referred  t o the 
truss. 

The  final  position  of  the  structure  is  the  result  of  both 
the  flexure  cf  the  columns  and  the  deformation  of  the  truss. 

Pig.  3 shows  a grossly  exaggerated  deflection  diagram  of  the 
structure  under  these  two  equal  and  opposite  forces  at  the 
points  of  support.  The  point  B is  considered  fixed  in  position 
while  the  point  B.  free  to  move  horizontally,  has  moved  to  Bp. 

As  the  conditions  of  the  case  presuppose,  each  column  is  free  to 
rotate  about  its  base.  The  outline  shown  by  the  solid  lines  is 
the  initial  position  and  form  of  the  structure;  the  diagram 
shown  by  the  broken  lines  is  the  initial  form  of  the  structure 
but  displaced  horizontally  through  the  distance  BBp  * BBp  due  to 
flexure  of  the  column  DJ  at  G.  Bow  consider  the  truss,  deformed 
by  the  forces  transmitted  to  it  by  the  columns,  taking  the  posi- 
tion shown  by  the  dotted  lines.  This  deformation  together  with 
the  flexure  of  the  column  BL  has  moved  the  point  B to  its  final 
position  Bg.  The  final  position  of  the  structure  is  shown  by 
the  dotted  lines  • 

This  deflection  diagram  can  not  be  drawn  to  scale  until 
the  flexuise  of  the  columns  and  deformation  of  the  truss  have 
been  determined.  We  shall  now  show  the  various  steps  in  these 


- 

. 

. 
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determinations* 


Flexure  of  the  Columns. 

The  forces  acting  on  the  two  columns  are  equal  "but 
opposite,  therefore  the  flexure  of  the  columns  will  he  -the  same  j 

hut  opposite. 

In  supporting  the  transverse  forces  at  D , G and  J (Fig.  2)  ; 
the  columns  performs  the  functions  of  a beam.  Let  LOpJg  (Fig.  4)j 
represent  the  elastic  curve  of  the  column.  The  moment  diagram 


is  dgj.  Draw  a tangent  to  the  elastic  curve  at  &]_.  The 
tangential  deviations  Ag , A3  and  A^  are  found  easily  by  the 
area  moment  method* 


SL  (180x90x120)  s 1 ,000  - 23^940.^8867  inciieS 

UT  El  E 


^2 

A3 

Aa 


El 

1 (180x36x48)  - 311 ,04Q__  m 5.^850*^418  inches, 

SI  El  B 

_i_(  120x60x30+60x40x30 ) « £A||.?.22  s-5 »54~* inches- 
^ (60x120x60  f 120x60x80 ) g-l.  >QA2. 


12  y,413._79gl  inches# 
E 


Whence  from  Fig.  4, 


d15  = 2 1/2  fa1:L  +A2) 

15.118.671 

= — E 

inches. 

&G  = &15  f^l 

39  ,059.558 

IHohes. 

1 

E 

dj  = d(j  f dn 

* 41.276.484 

inches. 

E 

30  ,473.205  inches. 
E 


dp  s &Q  - ( A3  4 1/3  di5) 
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dg  = - ( A 4 + Zj 33.45) 


16  ,566 *651 
B 


inches 


Deformation  of  the  Truss 


The  forces  acting  on  the  truss  are  shown  in  Pig.  2.  The 
deformation  of  the  truss  may  he  determined  algebraically  or 
graphically. 

ilgebraic  Method.  Here  use  is  made  of  the  equation: 


Where  d is  the  displacement  in  any  direction  of  any  panel  point 
of  a truss  under  given  loading. 

p is  the  stress  in  the  member  caused  by  the  given  loading. 
U is  the  stress  in  the  members  caused  by  unit  load  placed 


in  the  direction  of  the  desired  displacement. 

L is  the  length  of  the  members. 

.A  is  the  cross  sectional  area  of  the  member. 

E is  the  modulus  of  elasticity  of  the  material. 

E is  constant  for  all  members  when  the  truss  is  made  of 
the  same  material  throughout.  P and  U have  positive  or  negative 
signs  corresponding  to  tension  or  compression  in  the  members. 

Por  the  history  and  development  of  this  formula  , see 
article  by  G.  P.  Swain  in  Journal  of  Franklin  Institute,  Vol. 

85.  -n.  102:  ,f0n  the  Annlication  of  the  Principle  of  Virtual 

Velocities  to  the  Determinatio  n of  the  Deflection  and  Stresses 
of  Frames. " 


footnote ) 


: 


. 


. 


' 
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The  quantity  PUL  is  found  for  each  member,  and  the  algebraic  sum 

of  these  quantities  ,V  , when  divided  by  E gives,  d,  the  de- 

L-  A 

sired  displacement. 

We  desire  the  horizontal  displacement  of  point  JfFig.  3) 
which  we  shall  designate  d^.  Then 

dn 

L -AE 

The  value  of  Pi  is  the  stress  in  a truss  member  due  to  the 
forces  on  the  truss  shown  in  Fig.  2;  value  of  Ui  is  numerically 

9oual  to  the  stress  in  a truss  member  due  to  the  forces  on  the 
truss  shown  in  Fig.  5;  values  of  L,  A and  E are  as  previously 
explained.  Table  II  is  a tabulation  of  the  values  of  thes  e 

' » * X 

V , 

quantities. 

The  deformation  of  the  bottom  cord  JL,  which  we  shall 

designate  A-^JL,  is  the  summation  of  the  strains,  M , of  the 

A 

bottom  cord  members.  From  Sable  II  we  find 

- f 

A _ 4.23Q  i 5.195  + 3.100  * 5.195  + 4.230  930.070  . , „ 

A^JL  = 1 — ^ — 1 = -£ inches. 

hi  - - ^9- 


Graphic  lethod:  The  Williot-Mohr*  displacement  diagram 

shown  in  Fig.  6 furnishes  an  excellent  method  for  finding  the 
deformation  of  the  trues.  Using  the  strains  given  in  Table 

For  theory  and  method  of  construction  o?  the  7/illiot-IIohr 

diagram  see  , "Kinetic  Theory  of  Structures",  by  Molitor. 
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II,  the  Williot  diagram  is  arara  assuming  the  point  G fixed  in 
position  and  the  member  GJ  fixed  vertically  in  direction.  2 he 
Mohr  rotation  diagram  is  then  drawn,  correcting  the  error  in  the 
assumed  direction  of  GJ.  The  displacement  of  any  point  of  the 
truss  is  shown  in  this  diagram  by  the  distance  from  the  point  on 
the  Mohr  diagram,  shown  in  dotted  lines,  to  the  corresponding 
point  on  the  Williot  diagram,  shown  in  fine  lines.  Displacements 
are  up  or  down  and  to  the  right  or  left  according  as  the  point 
on  the  Williot  diagram  is  above  or  below  and  to  the  right  or 
left  of  the  corresponding  point  on  the  Mohr  diagram. 

This  method,  whish  is  really  semi-graphical  has  an  advan- 
tage over  the  strictly  algebraic  method  in  that  it  gives  at  once 
the  displacements  of  all  points  on  the  truss. 

. The  total  deflection  of  3(Fig.  3)  is 

dB  = 2dc_  4-  2dlx  4 AiJI  = inches. 

It  is  now  possible  to  draw  to  scale  the  deflection  diagram 
of  the  structure  (Fig.  3)  with  the  horizontal  force  of  one  pound 
at  B.  Having  this  diagram  we  can  easily  determine  the  horizontal 
reactions  for  loads  at  various  points  on  the  structure. 

As  has  been  previously  explained;  the  horizontal  reaction 
at  3.  due  to  a load  of  one  pound  at  any  point  on  the  structure, 


is  the 

deflection,  in 

the  direct! 

on  of 

the  load,  of 

the 

point 

loaded 

, divid  ed  by  the 

horizontal 

defle 

ction  of  B - 

hot! 

i deflec 

tions 

Cl *110  "GO  OxiO  *jj  OliiiCi. 

horizontal 

force 

at  B.  as  in 

Pig* 

rr 

O* 

The  Horizontal  Heactions  of  the  right  column  for  loads  at 
various  points  of  the  structure  follow. 
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1 lb. 
1 lb 
1 lb 
1 lb 
1 lb* 


horizontal  at  F: 


n 


P: 


% 


16  .566 . 651  I nnQ, 

83 j 483. 039  z .1  64  j.j. 


30  ,473.803 


r^Q  — 3650  lb. 


HH  = 


% 3 a|  - 83,483.039 

dr;  39  ,059.558  _ , ^ A„„n  ni 

Hit  “ di  * "1TJ ",'413 3. 0'39  ~ +0.4679  lb. 

dr  41  .276.484 

Hg  - de  83,483.039  “ 4-0.4944  lb. 


normal  to  roof  at  3:  % z s §5  *4§§  “ +^.8504  ^ * 


The  horizontal  reactions  of  the  left  column  are  statically 
determined  by  equating  all  horizontal  forces  to  zero.  Tbe 
vertical  aid  horizontal  reactions  of  both  left  and  right  columns 
for  loads  at  various  points  of  the  structure  are  given  in  Table 
1Y  Glass  I. 


C.  Glass  II,  Columns  Fixed  at  their  Bases. 

As  previously  stated,  this  class  of  structures  has  six 
unknowns , viz;  the  horizontal  reactions,  the  vertical  reactions 
and  the  resisting  moments  at  the  points  of  support.  This  will 

necessitate  three  solutions,  one  solution  for  each  pair  of 
unknowns. 


1.  Case  A9  To  Pina  the  horizontal  Reactions. 

We  shall  determine  the  influence  diagram  for  the  horizontal 
reaction  at  B.  ^s  has  been  explained,  this  diagram  is  the 
deflection  diagram  of  the  structure  when  subject  to  a horizontal 
force  of  one  pound  at  E. 
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In  order  that  the  structure  (Fig.  9)  may  he  in  equilibrium 
this  horizontal  force  of  one  pound  at  B must  he  resisted  by  an 
eoual  and  opposite  force  at  D.  These  horizontal  forces  at  the 
points  of  support  effect  handing  in  the  columns  and  develop 
horizontal  forces  at  their  points  of  connection  with  the  truss, 
(Pig.  7).  These  forces  are  not  statically  determinate  on 
account  of  the  unknown  Resisting  moments  at  the  column  bases. 

Per  the  present  these  unknown  forces  will  he  represented  hy 
symbols.  Later  the  numerical  values  of  the  forces  will  he 
determined  hy  the  condition  that,  at  certain  points  of  the 
structure  , the  flexure  of  the  columns  equals  the  deformation  of 
the  truss.  These  forces  with  respect  to  the  columns  are  equal 
and  opposite  when  referred  to  the  truss. 

The  final  position  of  the  structure  is  the  result  of  both 


the  flexure  of  the  columns  and  the  deformation  of  the  truss. 
Big.  9 shows  a grossly  exaggerated  deflection  diagram  of  the 
structure  under  these  two  equal  and  opposite  forces  at  the 
points  of  support.  The  point  D is  considered  fixed  in  position 
while  the  point  B,  free  to  move  horizontally,  has  moved  to  Bg. 

A s the  conditions  of  the  cases  presuppose,  each  column  must  re- 
main vertical  at  its  base.  The  outline  shown  in  solid  lines  is 
the  initial  position  and  form  of  the  structure;  the  diagram 
shown  hy  the  broken  lines  is  the  initial  form  of  the  structure 
hut  displaced  horizontally  throufeh  the  distance  BBq  = BBq  due 
to  flexure  of  the  column  B J.  Now  consider  the  truss,  deformed 
hy  the  forces  transmitted  to  it  hy  the  columns,  taking  the 


• 

• 

■ 

■ 


. 

■ 
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■position  shown  by  the  dotted  lines.  This  deformation  together 
with  the  flexure  of  the  columns  BL  has  moved  B to  its  final 
position  Bg.  The  final  -position  of  the  structure  is  shown  by 
the  dotted  lines. 

This  deflection  diagram  can  not  be  drawn  to  scale  until 
the  flexure  of  the  columns  and  deformation  of  the  truss  have 
been  determined.  We  shall  now  show  the  various  steps  in  these 
determinations . 

Flexure  of  the  Columns. 

The  forces  acting:  on  the  two  columns  are  eaual  but 
opposite  , therefore  the  flexure  of  the  columns  will  be  the  same 
but  opposite. 

In  supporting  the  transverse  forces  at  D,  G and  J,  Fig.  7, 
the  column  performs  the  functions  of  a beam.  Let  {Fig.  8) 

represent  the  elastic  curve  of  the  column.  The  moment  diagram 
is  dd'g«j»  The  line  DJ  is  tangent  to  the  columns  at  D.  The 
tangential  deviations  are  easily  found  by  the  area-moment  method, 
-dj  !-|T[72iix56x48  * 724x90x132  + (724-180)  x90xl92]  k 

= ^-(2,223,9364  - 3,110,400) 

27.388*37444  - 38 .305.413-7 

- ^ 

-dg  = [724x90x60  4 ( 724  - 180)  x 90xl2o] 

- (1,116,4004  - 1,944,000) 

= 14,364.53204  - 23,940.8867 
E 


. 


' 


■ 


. 


. 
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-dp  = |j[(724-60)x60x40  f (72A-180)  x60x8o] 
= ~ ( 518 ,400A  - 1,008,000) 
e 6 ,584.256  5A  - 12 ,413*7931 


-dB  = ^x[(72A-120)s30s20  f (72A-180)  x30x4o] 
= jjrj  ( 129  ,600A  - 288  ,000) 

. 1,596. 0591A  - 5,546.7980 


E 


Deformation  of  the  Truss, 

It  is  no?;  desired  to  determine  the  deformation  of  certain- 
noints  of  the  truss  under  the  forces  shown  in  Fig.  7.  Until 
the  value  of  the  force  A_  is  known,  this  can  be  done  only  by  the 
algebraic  method,  le  wish  the  values  of  dgx*  the  horizontal 
displacement  of  J;  and  A£  JL,  the  deformation  of  the  bottom  cord. 


The  value  of  P£  is  the  stress  in  the  truss  member  due  to 
the  forces  shown  in  Dig*  7;  value  of  Uq  is  numerically  equal  to 
the  stress  in  the  member  due  to  the  forces  shown  in  Fig.  5. 
Values  off  these  quantities  are  tabulated  in  Table  II  , from  which 
is  also  found 


200.9432A  + 427.3581 
E 


r 605.5137A  + 705.9853 

~ E " 


It  is  now  possible  to  determine  the  values  of  the  force  i 


From  Fig  . 9 may  be  seen  the  relation: 


dj  = dG  + fl 2!  or  dd  “ aG  r d21 


. . . w , 


* 

. 


. 
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This  gives  the  equation  in  A: 

-13,023.8424i  + 14,564.5320  s 605.5137i  4-705.9853 
Whence 


A - 4-  1.0021 

This  value  of  A is  now  substituted  in  the  expressions  for 
the  flexure  of  the  columns  and t he  deformations  of  the  truss 
and  the  numerical  values  of  these  nuantities  determined* 


&j  - 10  .858 . 5784  inches. 
E 

6 ,015.8816 

* 171,71  -r,  incliBS* 


dG  - 9 inches. 

dE  « ^ inches. 


The  last  column  in  Table  II  gives  the  strains  , PgL » of 

A 


the  truss  members,  from  which  can  be  drawn  the  Williot-Mdir 
diagram  as  shown  in  Pig.  10.  .Again  the  Filliot  diagram  is  drawn 
by  assuming;  the  point  0 fixed  in  position  and  the  members  G J 
fixed  in  direction.  The  Mohr  diagram  is  then  drawn  correcting 
the  error  in  th.  e assumed  direction  of  GJ.  Displacements  are 
up  or  down  and  to  the  right  or  left  according  as  the  point  on 
the  Williot  diagram  is  above  or  below  and  to  the  right  or  left 
of  the  point  on  the  Mohr  diagram. 

The  total  deflection  of  B.  Pig.  9,  is 

dg  r 2d(j  + 2dn  + = 2^^45.4955  inche!B 

It  is  now  possible  to  draw  to  scale  the  deflection  diagram 
of  the  structure  (Pig.  9)  caused  by  the  horizontal  forces  of  one 
pound  at  B and  B.  Having  this  diagram,  we  can  easily  determine 
the  horizontal  reactions  for  loads  at  various  points  on  the 


structure . 


■ . 

. 


. 
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These  reactions  are 


1 947  3201 

1 lb.  horizontal  at  E:  Hr  345~.T955  ~ 0,  0871  lbS* 

6,015.8816 

” F:  Hr  = 22,  345.  4955“  °*  2692  lbs* 

9, 545.  5859 

" G:  Hr  = 22, '345, 4955  =0.4272  lbs. 

10,  858.  3784  . __ 

" J:  Hr  = 22,34X'T?55  =0.4859  lbs. 

HR  “ 22  [ 345.  49*55  = 0*  2824  lbS* 


1 " 
1 " 
1 " 


1 " normal  at  3: 

The  horizontal  reactions  of  the  left  column  are  found  by 


equating  all  horizontal  forms  to  zero.  The  horizontal  reactions 
of  both  columns  for  the  loads  at  the  various  points  are  tabu- 
lated in  Table  IV,  Class  II. 


2.  Case  B,  To  Find  the  Vertical  Reactions. 

We  shall  determine  the  influence  diagram  for  the  vertical 
reaction  at  B.  As  has  been  explained,  this  diagram  is  the 
deflection  diagram  of  the  structure  when  subject  to  a vertical 
force  of  one  pound  at  B. 

In  order  that  the  structure  (Fig.  13)  may  be  in  equiliorium 
this  vertical  force  of  one  pound  at  B must  be  resisted  b>  an 
equal  and  opposite  force  at  D;and  couples  at  the  column  bases. 
These  vertical  forces  at  the  points  of  support  effect  bending 


in  the  columns  and  develop  horizontal  forces  at  their  points 
of  connection  with  the  truss,  (Fig.  11  )•  These  forces  are 
statically  indeterminate  on  account  of  the  unknown  couples  at 
the  column  bases.  For  the  present,  these  unknown  forces  will 
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be  represented  by  symbols.  Later  the  numerical  values  of  the 
forces  will  be  determined  by  the  condition  that,  at  certain 
points  of  the  structure,  the  flexure  of  the  column  equals  the 
deformation  of  the  truss.  These  forces  with  respect  to  the 
columns  are  equal  and  opposite  when  referred  to  the  truss. 

The  final  position  of  the  structure  is  the  result  of  both 
the  flexure  of  the  columns  and  the  deformation  of  the  truss. 

Fig.  13  shows  a grossly  exaggerated  deflection  diagram  of  the 
structure  under  these  two  equal  and  opposite  forces  and  the 
resisting  couples  at  the  points  of  support.  The  point  D is 
considered  fixed  in  position  while  the  point  B,  free  to  deflect 
vertically  has  moved  to  Bg.  The  resisting  couples  cause  each 
column  to  remain  vertical  at  its  base.  The  diagram  shown  in 
solid  lines  is  the  initial  position  and  form  of  the  structure, 
the  diagram  shown  by  the  broken  lines  is  the  initial  form  of  the 
structure  but  displaced  horizontally  through  the  distance  BBl  = 
BB^  due  to  flexure  of  the  columns  D Now  consider  the  truss 
deformed  by  the  forces  transmitted  to  it  by  the  columns,  to  take 
the  position  shown  by  the  dotted  line.  This  deformation  togethei 
with  the  flexure  of  the  column  BL  has  moved  B to  its  final 
position  B2.  The  final  position  of  the  structure  is  shown  by 
the  dotted  lines. 

This  deflection  diagram  cannot  be  drawn  to  scale  until  the 
flexure  of  the  columns  and  deformation  of  the  truss  have  been 
determined.  We  shall  now  show  the  various  steps  in  these 
determinations. 


. 

. 

. 

. 


, 

. 


. 


. 

. 
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Flexure  of  the  Columns. 

In  this  case  the  forces  acting  on  the  tv/o  columns  are  not 
the  same,  so  the  columns  will  be  considered  separately. 

Column  DJ:  Here  the  forces  are  the  same  as  in  the  pro- 

ceeding case,  (Fig.  8)  except  that  which  was  the  numerical  force 
in  the  other  case  now  has  the  coefficient  C. 

d _ 27.388.  3744A  - 38.305.4187C 

- a.  j _ 2 

14.  364.  5320A  - 23.  940..8867C 

- aG  = 3 

6.  384.  2365A  - 12.  413.  7931C  0 

— 1“^  ~~ 

1.596.  0591A-  3.546.  7980 
-dE  = 3 

Column  BL:  In  Fig.  12  let  B2K2L2  represent  the  elastic 

curve  of  the  column.  The  moment  diagram  is  bb’kl.  The  line 
BgLx  is  tangent  to  the  column  at  B2.  The  tangential  deviations 
are  easily  found  by  the  area-moment  method. 
dL  = [(72A+480)x(36x48+180xl62)  - 180C  x 90  x 192] 

= ( 2, 223,  936A  - 3,110,  400C  4>  14,826,240) 

S 27.388.  5744A  - 38.305.  41 87C  + 1 82.  589. 1 65_0 

. 3 

dK  = JJl[(72A  + 480)  x 180  x 90  - 180C  x 90  x 12o] 

= ( 1 , 1 66, 400A  - 1,944,000C  + 7,776,000) 

= 14.364.  5320A  - 23.  940.  8867C  + 95.763.  5468 


. 
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Deformation  of  the  Truss. 

It  is  now  desired  to  determine  the  displacement  of  certain 
points  of  the  truss  under  the  forces  shown  in  Fig.  11.  Until 
the  value  of  the  forces  A and  C are  known,  this  can  be  done  only 
by  the  algebraic  method.  We  wish  the  values  of  d33,  the  horizon- 
tal displacement  of  K;  and  A3JL,  the  deformation  of  the  bottom 
cord. 


The  value  of  P3  is  the  stress  in  the  truss  member  due  to 
the  forces  shown  in  Fig.  11;  value  of  U3  is  the  numerical  value 
of  the  stress  in  the  truss  member  due  to  the  forces  shown  in  Fig. 
14.  Values  of  these  quantities  are  tabulated  in  Table  III,  from 
which  is  also  found 

d33  = 1,411.  971 4A  + 1,859.  32940  + 4,706.  5954 
A jl  = 200.9432A  + 427.  35810  + 670.  095,6 

It  is  now  possible  to  determine  the  values  of  the  forces 
A and  0.  From  Fig.  13  we  see  the  relations: 


dK  = dG  + d33  or  dK  - dG  - d33  = 0 

dL  = dj  + A3JL  or  dL  - dj  - A3jl=  0 


Which  gives  the  equations: 

27,317.  0926A  - 49,721.10280  + 91,056.9514  = 0 
54,575.  8056A  - 77,038.19550  +181,919.0694  = 0 


Whence 


A = - 3.3333 


C ^ 0 


These  values  are  significant.  It  was  found  that  in  the 


, 

. 

. 
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twenty  trusses  analyzed  the  value  of  £ is  zero  and  A has  the 
negative  value  of  one  half  the  numerical  horizontal  force  on  the 
right  column.  This  numerical  force  equals  one  pound  times  the 
span  length  divided  by  the  distance  from  top  of  column  to  foot 
of  knee  brace.  Therefore  the  value  of  A is  independent  of  all 
characteristics  of  the  truss  other  than  the  two  mentioned  above. 

These  values  of  A and  C,  are  now  substituted  in  the  express- 
ions for  the  flexure  of  the  columns  and  the  deformation  of  the 


truss  to  get  the 

numerical  values 

of 

these  quantities. 

d j = 

91.294. 3812 

inches.  = 

£1, 

881. ^733 

inches. 

E 

E 

21. 280.  7883 

inches.  dg  = 

5, 

320.1970 

inches. 

?F  ~ 

E 

E 

The  twelfth 

column  of  Table 

III 

gives  the 

strains 

Z&.  , 

A 

the 

truss  members,  from  which  can 

be 

drawn  the 

Williot 

diagram 

sfeown  in  Pig.  3 6.  This  diagram  is  somewhat  different  from  the 
preceeding  displacement:  diagrams.  Here  use  is  made  of  the  fact 
that  we  know  the  relative  positions  of  G and  J.  G is  assumed 
fixed  in  position  and  the  point  J is  located  the  distance  dj  - dG 
to  the  right,  and  the  distance  equal  to  the  elongation  of  GJ, 
above  G.  With  the  diagram  dra.wn  in  this  manner  the  displacements 
of  all  points  are  represented  by  their  distances  from  G. 
Displacements  are  up  or  down  and  to  the  right  or  left  according 
as  the  point  is  above  or  below  and  to  the  right  or  left  of  G. 

The  vertical  deflection  d^5  of  the  truss  at  K is  given  by 
the  formula, 


d35= 


-V  P3U5L 
L A 


. 


. - 

■ 


. 


. 


' . . 


( 

. 


, 

:nitfl 

• 

. 

. 

• 

. 

• 

24 


The  values  of  P^h  are  the  strains  in  the  truss  members 
A 

due  to  the  loads  shown  in  Pig*  11;  value  of  U5  is  numerically 
equal  to  the  stress  in  the  membersc due  to  the  forces  shown  in 
Fig.  15.  Values  of  these  quantities  are  given  in  Table  III. 


_ 7,480.7510  . 1 „ 

d35  = ^ — inches. 


The  total  vertical  deflection  of  B,(Fig.  13)is: 

6 2/3(dj  - cLq)  , that  due  to  the  rotation  of  the  truss  about  Gq , 


ulus  dsg , the  vertical  deformation  of  the  truss  at  Z3 

296  ,899.4705 
E 


I-q  m 6 2/3(dj  - dG)  -}■  d^5  = 


inches . 

It  is  now  possible  to  draw  to  scale  the  deflection  di  agram 
of  the  structure  (Fig.  13)  with  the  vertical  force  of  one  oound 
at  B.  Having  this  diagram,  we  can  easily  determine  the  vert ieal 
reactions  for  loads  at  various  points  on  the  structure. 

These  reactions  are; 


.1  lb.  horizontal  at  E; 
1 ’ ’ :T  F: 


1 

1 " 
1 " 


i» 


tt 


" G: 
" J: 


normal^to  roof  at  3: 


tt  5 , a>20 . 19  1 Q ~ _n 

= 296  ,899.4705  = 0,0179  11ds# 

21,280.7883  „ 

VR  * 296  Jb99.470£  * 0.071/  Ids. 

47,881.7733 

VH  = ^$6  ,69 9. 4705  “ 0.1615  lbs. 
Q1  ,294.5812 

VR  ~ 296  ,899.4705  " 0.3075  lbs. 
"^R  “ 296  *899 .4705  * 0.4145  lbs. 


The  vertical  reactions  of  the  left  column  are  found  by 
equating  all  vertical  forms  to  2ero.  The  vertical  reactions 
for  both  columns  for  loads  at  the  various  points  on  the  struct- 
ure are  tabulated  in  Table  IV,  Class  II. 


- 


4 


. 
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3.  Case  C,  To  Find  the  Resisting  Moments. 

We  shall  determine  the  influence  diagram  for  the  resisting 
moment  at  B.  As  has  been  explained,  this  diagram  is  the  de- 
flection diagram  of  the  structure  when  subject  to  a moment  of 
one  inch-pound  at  B. 

In  order  that  the  structure  (Rig.  19,  may  be  in  equili- 
brium, the  bending  moment  of  one  inch  pound  at  B is  resisted 
by  horizontal  and  vertical  forces  at  the  points  of  support  and 
a resisting  moment  at  the  point  of  support  of  the  left  column. 
These  force  s and  moments  at  the  supports  effect  bending  in  the 
columns  and  develop  horizontal  forces  at  their  points  of 
connection  with  the  truss,  (Fig.  17).  These  forces  are  stati- 
cally indeterminate,  and  for  the  present  these  unknown  forces 
will  be  represented  by  symbols.  Later  their  numerical  values 
will  be  determined  by  the  condition  that,  at  certain  poirfcs  of 
the  structure,  the  flexure  of  the  columns  equals  the  deforma- 
tion of  the  truss.  These  forces  with  respect  to  the  columns 
are  equal  and  opposite  when  referred  to  the  truss. 

The  final  position  of  the  structure  is  the  result  of  both 
the  flexure  of  the  columns  and  the  deformation  of  the  truss. 

Fig.  19  shows  a grossly  exaggerated  deflection  diagram  of  the 
structure  under  the  applied  bending  moment  and  the  resultant 
resisting  forces  and  moment.  The  points  D and  B are  considered 
fixed  in  position.  The  left  column  is  fixed  in  direction  at 
its  base  while  the  right  column  may  take  any  direction.  The 
outline  shown  in  solid  lines  is  the  initial  position  and  form 


' 
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of  the  structure;  the  diagram  shown  in  "broken  lines  is  the 
initial  form  of  the  structure  but  displaced  horizontally 
through  the  distance  BD^  = BBi  due  to  flexure  of  the  column  DJ. 
Now  consider  the  truss,  deformed  by  the  forces  transmitted  to 
it  by  the  columns,  to  take  the  position  shown  by  the  dotted 
lines.  This  deformation  together  with  the  flexure  of  the 
column  BL  has  moved  the  structure  to  its  final  position  shown 
by  the  dotted  lines. 

This  deflection  diagram  cannot  be  drawn  to  scale  until 
the  flexure  of  the  columns  and  deformation  of  the  truss  have 
been  determined.  We  shall  now  show  the  various  steps  in  these 
determinations . 


Flexure  of  the  Columns. 

In  this  case  the  forces  acting  on  the  two  columns  are  not 
the  same  , so  the  columns  will  be  considered  separately. 

Column  DJ:  Here  the  forces  are  the  same  as  in  the  pre- 

ceeding  case, (Fig.  11).  Therefore  the  deflections  will  be  the 
same . 


-dj  - 
-dG  = 

-dp  _ 

~dE  * 


E 

14,564.53204 

— 

23,940.88670 

E 

6 ,384.2365 A 

_ 

12  ,413.79310 

E 

1,596.0591 A 

- 

3,546.79800 

E 


' 


‘ 

■ 


■ 
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Deformation  of  the  Truss 


It  is  now  desired  to  determine  the  displacement  of  certain 
points  of  the  truss  under  the  forces  shovm  in  Fig.  17.  Until 
the  values  of  A,  C_,  and  B are  known,  this  can  he  done  only  hy 
the  algebraic  method.  We  wish  the  value  of  d4i , the  horizontal 
displacement  of  J;  d43 , the  horizontal  displacement o f K;  and 
A4JL  the  deformation  of  the  bottom  cord. 


The  value  of  P4  is  the  stress  in  the  truss  member  due  to 
the  forces  shown  in  Fig.  17:  value  of  U-j_  is  numerically  equal 
to  the  stress  in  the  truss  members  due  to  the  forces  shown  in 
Fig.  5:  and  the  value  of  U3  is  numerically  equal  to  the  stress 
in  the  truss  members  due  to  the  forces  shown  in  Fig.  14.  Forces 
for  P4,  Fig.  17,  are  similar  to  forces  for  P3,  Fig.  11,  which 
greatly  facilitates  the  computations.  Values  of  these  different 
quantities  are  given  in  Table  III. 


ddl  - 605 . 5157.A  4-  705.9855  4 865.8960R 

E 

d/t-x  - 1411.9714A  4-  1859.5294C  4-  4706.5954B 

E 

4Jli  = 200.9452A  l 4E7.5581C  * 670.0956R 

E 

It  is  now  possible  to  determine  the  values  of  forces  A,  0 
and  R,  by  the  following  relations  seen  from  Fig.  19. 

dj  = dG  4-  d4i  or  dj  - dG  - d41  * 0 ^ f 1} 

% = dG  + d4S  or  dK  ” dG  “ d4S  = 0 / (£) 


' 

.«  - 

' 
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and  the  equation  of  R in  terms  of  A and  C seen  from  Fig.  19. 

252A  4-  1680R  - 18CU  - 180C  - 1200R  4-1  = 0 
724  -4  480R  - 180G  {UO 

td  -724  + 180C  - 1 (z) 

R = ¥80” 

We  have  not  the  expression  for  the  value  of  dg  hut  ■will 
express  this  quantity  in  terms  of  known  quantities,  (Fig.  18.) 
dj£  = 5/7(ai  + A5)  - A4 
7dK  2 5d-^  4-  5 A 5 - 7 A 4 
But 

dj,  * dj  4-  A4J1 
Therefore 

7dx  - 5dj  4*  5A4JI  4-  5A5  - 7A4 
Substituting  this  in  (1)  we  get: 

5fdj  4-  A4JL  4,Ag)  - 7(d$  4-  d43  f A4)  = 0 (2a) 

Eliminating  R hy  use  of  equations  (3)  we  get  the  following 
equations  from  equations  (1)  and  (2a) 

f 13 ,499.47174  - 13,333.83570  - 1.8040  * 0 

4-  40 ,829 .87674  4-  64,930.49900  - 367.0765  = 0 

Solving  for  A and  C then  substituting  in  equation  (3)  we 

get 

A - f 0.005404  0 = 4-  0.005336  R * - 0.0008932 

These  values  of  A,  0 and  R are  now  substituted  in  the 
expressions  for  the  flexure  of  the  columns  and  the  deformation 
of  the  truss  to  get  the  numerical  values  of  these  quantities. 


. 


’ 


■ 
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56.  3917 
dJ  * E ~ 

31. 7360 
dF  = = - 


inches. 


inches. 


dG  = 
ds  = 


50.1162 

E 

10.  2995 

E 


inches. 

inches. 


The  last  column  of  Table  III  gives  the  strains,  PAL . of 

A 

the  truss  members,  from  which  can  be  drawn  the  Williot-Mohr  dia- 
gram shown  in  Fig.  20.  Here  the  point  G is  assumed  fixed  in 
position  and  the  members  GJ  fixed  in  direction.  The  Mohr  rota- 
tion diagram  is  then  drawn,  correcting  the  error  in  the  assumed 
direction  of  GJ.  The  displacement  of  any  point  of  the  truss  is 
shown  on  the  diagram  by  the  distance  from  the  point  on  the  Mohr 
diagram,  shown  in  dotted  lines,  to  the  co rresponding  point  on  the 
Williot  diagram,  shown  in  fine  lines.  Displacements  are  up  or 
do wn  and  to  the  right  or  left  according  as  the  point  on  the 
Williot  diagram  is  above  or  below  and  to  the  right  or  left  of 
the  corresponding  point  on  the  Mohr  diagram. 

By  substituting  the  values  of  A,  0 and  R in  the  express- 
ions for  the  following  deformations  we  get: 


d4i  = 

6.  2661 
E 

A _ 71.  7588 
1 E 

d43  - 

13.  2423 
E 

= lyiij 

E 

A4JL 

2.  7679 

E 

A 1 = 135.  6331 
E 

The  deflection  of  the  tangent  is, 

dx  + ^ 4 = do  + d43  +A 4 = inches. 

iii 


It  is  now  possible  to  draw  to  scale  the  deflection  dia- 
gram of  the  structure,  Fig.  19,  with  the  bending  moment  of  one 
inch  pound  at  B.  Having  this  diagram,  we  can  easily  determine 


. 


, 

■ 


. 
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the  resisting  moments  at  the  right  column  "base  for  loads  at 
various  points  on  the  structure. 

These  resisting  moments  are: 


1 

lb. 

horizontal 

at  E: 

Mr  - 

130x10.  30 
198.  99 

9.318 

in.  lbs. 

180x31.  74 

28.  711 

in.  lbs, 

1 

ii 

n 

M P: 

Mr  = 

198.  99 

180x50.12 

;i 

ii 

It  Q . 

Mr 

198.  99 

— 

45.  337 

in.  lbs, 

JU 

180x56.  39 

1 

it 

it 

n J: 

Mr 

198.  99 

,51.  009 

in.  lbs 

180x31.  96 

1 

ii 

normal  to 

roof  at  3: 

Mr 

198.  99 

28.  910 

in.  lbs. 

The  resisting  moment  at  the  left  column  bases  is  now 
easily  found  by  statics.  The  resisting  moments  of  both  columns 
for  loads  at  various  points  of  the  structure  are  given  in  Table 
IV  Class  II. 
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III. 

APPLICATION  TO  DETERMINATION  OP  WIND  REACTIONS. 

A.  Method. 

While  there  is  some  difference  of  opinion  as  to  the  action 
of  wind  on  a structure  such  as  a mill  building,  the  conventional 
method  of  treatment  considers  the  windward  side  of  the  building 
subject  to  a uniform  horizontal  load,  and  the  windward  slope  of 
the  roof  subject  to  a uniform  normal  load.  This  normal  load  is 


a function  of  the  horizontal  load  and  the  pitch  of  the  roof. 

The  intensity  of  the  horizontal  load  to  be  considered  will 
depend  upon  local  conditions.  The  three  formulas  used  for 


computing  the  normal  load  are  given  and  discussed  in  M Steel  Mill 


Buildings",  by  Ketchum.  The  writer  quotes  from  this  book,  Third 
Edition,  page  14. 

"The  normal  component  of  the  wind  pressure  on  inclined 
surfaces  has  usually  been  computed  by  Hutton’s  empirical  formula 


1. S42  co  s A - 1 

Pn  = P sin  A 

where  Pn  equals  the  normal  component  of  the  wind  pressure,  P 
equals  the  pressure  per  square  foot  of  vertical  surface;  and  A 
equals  the  angle  of  inclination  of  the  surface  with  the  horizon- 
tal. 


The  formula  due  to  Duchemin 

2 sin  A 


n 


= P 


1 & sin‘ 


Where  Pn,  P and  A are  the  same  as  above,  gives  results  consider- 
ably larger  for  ordinary  roofs  than  Hutton’s  formula,  and  is 
coming  into  quite  general  use. 

The  formula  (Straight  Line  Formula) 


Where  Pn  and  P are  the  same  as  above, 
inclination  of  the  surface  in  degrees 
than  45  degrees),  gives  results  which 


and  A is  the  angle  of 
(A  being  equal  to  or  less 
agree  very  closely  with 


, 


. 

. 

, 


. 

, 
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Hutton’s  formula,  and  is  much  more  simple, 

Hutton’s  formula  is  based  on  experiments  which  were  very 
crude  and  probably  erroneous,  Duchemin ’ s formula  is  based  on 
very  careful  experiments  and  is  now  considered  the  most  reliable 
formula  in  use.  The  Straight  Line  formula  agrees  with  experi- 
ments quite  closely  and  is  preferred  by  many  engineers  on  account 
of  its  simplicity. " 

In  order  that  the  results  may  be  general  and  that  the 
empirical  formulas  may  be  easily  applied  in  all  cases,  the 
writer  has  used  as  the  value  of  3?,  one  pound  per  linear  foot  o_f 
column.  The  value  of  Pn  used,  is  in  accordance  with  Duchemin  ’ s 
formula.  For  the  one-quarter  pitch  roof,  this  value  of  Pn  is; 


P 


n 


2 sin  A _ 2 x 0. 4472 

1 + sin^A  1+  t.4472x  4472 


0.  7455  lbs.  per  lin  ft 


We  shall  now  determine  the  reactions  of  the  structure  when 


subject  to  a horizontal  load  of  one  pound  per  linear  foot  on  the 
windward  column,  and  a normal  load  of  0. 7455  pounds  per  linear 
foot  on  the  windward  slope  of  the  roof.  The  reactions  for  any, 
loading  are  directly  proportioned  to  the  reactions  for  this 
unit  load.  In  all  cases  the  wind  will  be  considered  as  coming 
from  the  left  and  the  reactions  of  the  right  or  leeward  column 
will  be  first  determined. 

The  wind  loads  are  considered  to  be  applied  at  the  girts 
on  the  column  and  at  the  purlins  on  the  roof.  The  girt  points 
are  E,  E,  G and  J;  and  the  purlin  points  are  J,  2,  3,  6 and  7. 
The  load  at  each  point  is  one  half  the  load  between  that  point 
and  the  adjacent  point  on  either  side.  The  method  of  determin- 
ing the  reactions  and  resisting  moments  is  as  follows; 


. 


, 
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Determine  the  displacement  of  the  load  points  in  the 
direction  of  the  load,  and  the  displacement  of  the  reaction 
point  in  the  direction  of  the  desired  reaction;  in  the  case  of 
the  resisting  moments,  determine  the  displacement  of  the  lever. 
These  displacements  are  those  dtte  t-n  «•  unit  load  or  unit  moment 
at  the  reaction  point.  Determine  the  wind  loads  at  each  load 
po  int. 

The  horizontal  or  vertical  reaction  at  B then  is: 

h -fia 

dB 

where  P is  the  load  at  each  point;  d is  the  deflection  of  the 
point  in  the  direction  of  the  load;  and  d.3  is  tne  displacement 
of  the  reaction  point  B in  the  direction  of  the  desired  reaction. 
In  the  determination  of  the  resisting  moment  at  B the 
application  is  similar. 


mb 


k iPd 
dK  + A4 


where  P and  d are  the  same  as  above;  k is  the  length  of  the 
lever  by  which  the  unit  moment  at  B is  applied;  and  dg  + A4  is 
the  deflection  of  the  lever. 

The  reactions  of  the  windward  columns  may  then  be  determin- 
ed by  the  principles  of  static  equilibrium, 

B.  Trusses  Analyzed, 

This  thesis  presents  the  results  of  the  analysis  of  twenty 
mill  building  trusses.  Line  diagram  of  the  structures  drawn  to 
the  same  scale  with  dimensions  are  shown  in  Fig.  21.  All  have 
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Fink  trasses  with  one  quarter  pitch  roof.  The  trusses  of  30, 

40,  50  and  60  foot  span  were  designed  on  the  assumption  that 
the  bents  were  placed  15  feet  apart.  The  truss  of  twenty  foot 
span  was  made  much  heavier  than  necessary  to  see  what  effect 
this  might  have  on  the  results.  The  truss  design  is  constant 
for  each  span  length.  The  columns  of  the  30,  40,  50  and  60  foot 
spans  with  the  16,  21  and  26  foot  heights  have  the  same  section. 
This  column  section  corresponds  to  the  design  for  the  40  foot 
span  and  21  foot  column  structure,  considering  the  bents  placed 
15  feet  apart  and  assuming  the  point  of  contraflexure  at  one- 
tnird  the  height  to  the  knee  brace.  The  column  sections  for  the 
31  foot  height  are  all  the  same  and  somewhat  heavier  than  that 
required.  The  columns  of  the  2Q  foot  span  are  constant  in 
section  and  likewise  heavier  than  required. 

These  structures  were  chosen  primarily  to  study  the  effect 
of  variations  in  span  length,  column  height  and  the  ratio  of 
column  height  to  span  length.  lime  has  not  permitted  a study 
of  the  effect  of  variations  in  all  the  characteristics  of  the 
structure,  such  as  pitch  and  type  of  roof,  etc. 

nine  diagrams  of  one  structure  of  each  span  length,  are 
given  in  Figs.  22  to  26.  The  designs  of  the  structures  are  given 
in  Tables  V to  IX. 

C.  Results. 

Each  of  the  twenty  structures  was  analyzed  by  the  method 
which  has  been  presented,  but  only  the  results  of  the  analyses 
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are  given  herewith. 

The  stresses  and  corresponding  strains  of  the  truss  members 
for  each  case  are  given  complete  in  Table  X to  XIX  for  one  truss 
of  each  span  length.  For  the  other  trusses,  only  the  resulting 
strains  are  given  in  Tables  XX  to  XXIV,  Only  one  influence  dia- 
gram of  each  span  length  for  each  reaction  will  be  given,  since 
these  diagrams  are  not  essential  to  the  results.  The  Wiiliot- 
Mohr  displacement  diagram  of  each  truss  for  each  reaction  is 
given,  since  these  diagrams  are  essential.  The  vertical  re- 
action is  an  exception  to  the  above  statements  for  it  was  found 
that  the  internal  deformation  of  the  truss  was  negligible  and  the 
results  could  be  more  readily  obtained  by  the  construction  of 
the  influence  diagram. 

The  displacements  of  the  points  on  the  columns,  including 
the  reaction  point  and  the  lever  in  the  case  of  the  resisting 
moment,  were  computed,  while  the  displacements  of  points  on  the 
truss  were  obtained  wholly  or  in  part  by  graphics.  Points  on 
the  truss  are  affected  by  both  the  flexure  of  the  left  column  and 
the  deformation  of  the  truss.  The  former  effect  in  the  line  of 
direction  of  the  normal  load  equals  the  displacement  d$  times 
the  sine  of  the  angle  of  inclination  of  the  roof.  The  latter 
effect  is  found  by  scaling  from  the  displacement  diagram  of  the 
truss.  For  example,  the  displacement  normal  to  the  roof  of  the 
point  3,  due  to  deformation  of  the  truss,  is  represented  by  the 
distance  parallel  to  the  roof,  between  points  3 on  the  Mohr  and 
Williot  diagrams.  These  distances  are  scaled  and  their  values 
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given  on  the  diagrams. 

The  results  are  summarized  and  given  in  tabular  form  on 
pages  7-8  to 

In  making  a comparison  of  the  results  for  different  struct- 
ures it  was  first  necessary  to  decide  upon  a comparison  factor; 
a quantity  which  shows  the  true  effect  of  variations  in  differ- 
ent characteristics  of  the  structure.  After  much  study  the 
best  comparison  factor  found  was  the  reaction  divi ded  by ythe 
total  height  of  the  structure.  This  factor  furnishes  an  excel- 
lent means  for  comparing  the  results  for  the  variations  consider- 
ed, and  it  is  believed  that  it  will  render  as  good  service  in 
the  study  of  the  effect  of  variations  of  any  other  characteristic 
of  the  structure.  The  comparison  factor  may  be  called  the 
reaction  factor  for  when  multiplied  by  the  total  height  of  the 
structure  the  reaction  is  obtained.  Values  of  this  quantity 
are  given  with  the  results  on  pages  88  to  87  _ as  H/t,  V/t,  and 
M/t,  and  in  Table  XXV.  Where  t is  the  total  height  of  the 
struc  ture. 

The  point  of  contraflexure  of  each  column  can  be  located 
when  the  horizontal  reactions  and  resisting  moments  are  deter- 
mined. Denoting  by  Y the  height  of  the  point  of  contraflexure 
above  the  base  of  the  columns,  we  have; 

For  the  leeward  column; 

My  = Hr  x Y - Mr  = 0 or  YR  = 


' 

• 

. 

, 

. 

. 


38. 


For  the  windward  column; 

wY^  . 

MY  = x y - Ml  - -2“  = o 
YfJ  - 24%  Y + 24  Ml  = o 


When  w is  the  load  on 
the  column,  l/l2  lb.  per 
inch. 


YL  = + 12%  *^144h£  - 24% 

Values  of  Yj,  and  Yr  together  with  YL/d  and  Yj^d,  where  d is  the 
height  to  the  foot  of  the  knee  brace,  are  given  with  the  results 
on  pages  *^8  to  and  in  Table  XXV. 

The  effect  of  variations  in  column  height,  span  length 
and  rat io-column  height  to  span  length  on  each  reaction  factor 
and  on  the  location  of  the  point  of  con trafl exure  is  shown  in 
Graphs  No.  1 to  26.  These  graphs  will  be  discussed  later. 

The  writer  thought  at  first  of  presenting  algebraic 
formulas  for  the  reactions  but  it  was  found  that  such  formulas 
are  so  complicated  that  the  reactions  could  best  be  obtained 
directly  from  the  graphs.  An  example  is  given  to  show  how  the 
graphs  are  used. 

Let  us  find  the  reactions,  position  of  the  points  of  con- 
trafl  exure,  and  position  and  amount  of  maximum  bending  moment 
of  each  column  in  a mill  building  bent  of  the  dimensions  and 


loading  given  below. 

Bents  which  are  spaced  16  ft.  on  centres,  have  36  ft. 
span,  20  ft  columns  and  Fink  one-quarter  pitch  roof  trusses. 
Building  is  subject  to  a wind  loading  of  20  lbs  per  square  foot 
of  vertical  surface. 

As  it  was  found  that,  within  practical  limits,  the  design 
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of  the  columns  and  truss  members  and  position  of  knee  brace  have 
no  appreciable  effect  on  the  reactions,  the  only  characteristics 
of  the  bents  in  which  we  are  interested  are  height  of  columns 
and  length  of  span. 

We  shall  find  the  reactions  for  both  hinged  and  fixed 
columns. 

Span  36  ft.  - Col,  height  20  ft. 

20 

Ratio  column  height  to  span  length,  h/^  = 3"6  * 0.  556 
Total  height  of  structure,  t = 20  + l/4  x 36  = 29  ft. 

Load  per  vertical  linear  foot  of  column  = 20  x 16  = 320  lbs. 

Class  I,  Hinged  Columns. 

Case  A;  Horizontal  Reactions.  Graph  5. 

Leeward  column  reaction, 

Windward  column  reaction, 

Ratio  5g  = 0.  380 

H 

Case  B;  Vertical  Reactions.  Graphs  12  and  13. 

Leeward  column  reaction  = 0.463  x 29  x 320  = 4,300  lbs. 

Windward  column  reaction  Vt  = 0 x 29  x 320  - 0 

^ V = 4,  300  lbs. 

Class  II,  Fixed  Columns, 

Case  A;  Horizontal  Reactions.  Graph  6. 

Leeward  Columnsreaction,  H^  = 0.  316  x 29  x 320  = 2,930  lbs. 

Windward  column  reaction,  Hr  * 0.  604  x 29  x 320  = 5,610  lbs. 

H = 8,  540  lbs. 

Ratio  Hfi  = o. 343 
H 


H3  = 0.350  x 29  x 320  = 3,250  lbs. 

Hr  = 0.  570  x 29  x 320  = 5.290  lbs. 

H = 8,  540  lbs. 
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Case  B;  Vertical  Reactions. 


Leeward  column  reaction 
Windward  column  reaction, 


Vo  = 


Vt  = 


Graphs  12  and  13. 

0.295  x 29  x320  = 2,740  lbs. 

0.170  x 29  x320  = 1. 550  Ids. 

V = 4,300Tbs. 


Case  C;  Resisting  Moments.  Graphs  14  and  15. 

Leeward  column  moment,  Mr  = 32.  5 x 29  x 320  = 301,600  in.  lbs. 

Windward  column  moment,  = 40.  0 x 29  x 320  - 371,200  in.  lbs 

While  the  points  of  cont raflexure  might  be  located  from 
the  graphs, they  can  be  more  accurately  located  by  means  of 
algebraic  equations  involving  H and  M. 


YP  Mr  3q1l60Qs  102.9  in. 
R = Hr  = 2,930 


yl 


_ +2Ht .1  8 w 


IS  - = 0.  572 

d 180 


w = 232  - 26.  67  lbs.  per  in. 
12 


2 x 5610 -tl 25.  888.400  - 79.189.342 
= 2 x 26.  67 


Yj  82.  3 „ a 457 

= rso-  ~ °-4' 


= 82.  3 in. 

These  positions  of  points  of  con trafl exure  are  consistent 
with  those  which  would  be  found  from  Graphs  23  and  24. 

The  Maximum  Moment  in  each  column  will  occur  either  at  the 
base  of  the  column  or  at  the  foot  of  the  knee  brace.  Denoting 
the  moment  at  the  knee  brace  in  the  leeward  column  by  Mg,  and 
the  moment  at  the  knee  brace  in  the  windward  column  by  Mq ; we 
have : 

Mr  = (180  - 102.  9)  x 2930  = 225,900  in.  lbs. 

26.  67  x 97.  7 x 97.  7 


Mq  = (180  - 82.  3)  x 5610 

a 548,100  - 254,500  = 293,600  in.  lbs. 


Moments : 

Windward 

Col* 

Leeward 

Col 

• 

At 

knee  brace: 

293, 600 

in.  lbs. 

225, 900 

in. 

lbs 

At 

Column  base: 

371,200 

in.  lbs. 

301, 600 

in. 

lbs 
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IV 

DISCUSSION  AND  CONCLUSIONS. 

In  the  discussions  which  follow,  it  must  he  borne  in  mind 
that  the  statements  made  apply  only  to  mill-building  bents  with 
one-quarter  pitch  Fink  roof  trusses.  The  main  purpose  of  the 
thesis  has  been  to  determine  the  effect  of  variations  in  column 
height  and  span  length.  Incidentally,  however,  the  effects  of 
design  of  column  sections  and  truss  members,  and  the  position  of 
knee  brace  have  been  determined.  More  time  could  now  be  most 
profitably  spent  on  the  investigation  of  the  effects  of  type  and 
pitch  of  roof  truss. 

A.  Horizontal  Reactions. 

Graphs  1 and  2 show  the  Reaction  Factors  for  hinged  and 
fixed  columns  plotted  with  column  heights  as  abscissas.  The 
Reaction  Factors  for  each  span  length  have  an  individual  line  of 
variation.  These  lines  are  very  nearly  parallel  and  consistently 
spaced,  showing  that  variations  in  the  other  characteristics  of 
the  structure  of  this  type  and  roof-pitch  have  but  little  effect 
on  the  results. 

Graphs  3 and  4 show  the  Reaction  Factors  plotted  with  span 
lengths  as  abscissas.  Here  the  individual  lines  of  variations 
for  the  different  column  heights  are  parallel  and  consistently 
spaced. 
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Graphs  5 and  6 show  the  Reaction  Factors  and  the  ratio 
Hr/H  plotted  with  the  ratios  h/i  , (column-height  to  span-length) 
as  abscissas.  Here  the  individual  lines  of  variation  for  span 
length  and  column  height  approximately  coincide  - the  dispersion 
being  greater  in  the  case  of  the  fixed  columns.  These  graphs  show 
that  the  ratio  h/^  is  the  factor  which  more  nearly  determines  the 
ratio  Hr/H.  This  ratio  Hr/H  decreases  as  the  ratio  h/^  increases. 
Within  the  limits  given  the  variations  are  from  0.44  to  0.34  for 
hinged  columns;  and  from  0.45  to  0.29  for  fixed  columns. 

Graph  7,  which  shows  graphs  5 and  6 drawn  on  the  same  sheet, 
gives  a good  comparison  of  the  results  for  hinged  and  fixed 
columns. 

Conclusions : 

Column  height  and  span  length  are  the  only  characteristics 

, 

of  the  structure  which  materially  effect  the  horizontal  reactions. 
The  ratio  h/^  is  the  factor  which  more  nearly  determines  the 
ratio  of  the  reactions. 

The  degree  of  fixity  of  the  columns  bases  has  only  small 
effect  on  the  horizontal  reactions,  the  ratio  Hj^/H  being  in 
general  slightly  greater  for  the  hinged  columns. 

For  the  usual  range  of  ratios  of  column  height  to  span 
length,  from  0.45  to  0.65,  the  ratio  Hr/H  is  about  0.38  and  0.35 
for  the  hinged  and  fixed  columns . respectively.  The  common 
assumption  of  equal  horizontal  reactions  is  quite  in  error. 
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B.  Vertical  Reactions. 

Graphs  8 and  9 show  the  Reaction  Factors  for  hinged  and 
fixed  columns  plotted  with  column  heights  as  abscissas.  The 
Reaction  Factors  for  each  span  length  have  an  individual  line 
of  variation.  These  lines  are  approximately  parallel  and 
consistently  spaced,  showing  that  variations  in  the  other  character 
istics  of  the  structure  have  but  little  effect  on  the  results. 

The  Reaction  Factor  of  the  leeward  column  for  fixed  columns  is 
practically  constant. 

Graphs  10  and  11  show  the  Reaction  Factors  plotted  with 
span  lengths  as  abscissas.  Here  the  individual  lines  of  variation 
for  the  different  column  heights  are  consistently  spaced. 

Graphs  12  and  13  show  the  Reaction  Factors  plotted  with 
ratio  h/£  as  abscissas.  Here  the  individual  lines  of  variation 
for  span  lengths  and  column  heights  coincide,  showing  that  the 
ratio  h/^  is  the  factor  which  more  nearly  determines  the  Vertical 
Reaction  Factor. 

Conclusions : 

Column  height  and  span  length  are  the  only  characteristics 
of  the  structure  which  appreciably  affect  the  vertical  reactions. 
The  ratio  h/^  is  the  factor  which  more  nearly  determines  the 
ratio  of  the  reactions. 

The  degree  of  fixity  of  the  column  bases  greatly  affects  the 
vertical  reactions.  As  the  columns  are  more  rigidly  fixed  the 
vertical  reactions  of  the  leeward  columns  decreases  and  that  of  the 
windward  column  correspondingly  increases. 
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The  vertical  reaction  of  the  windward  column  decreases  as 
the  ratio  h increases  and  in  the  case  of  the  hinged  columns 
reaches  a large  negative  value. 

C.  Resisting  Moments. 

Graphs  14  and  15  show  the  Reaction  Factors  plotted  with 
column  heights  as  abscissas.  Here  the  individual  lines  of 
variation  for  the  span  lengths  approximately  coincide.  This 
shows  that  the  column  height  is  the  factor  which  most  greatly 
influences  the  resisting  moment. 

Graphs  16  and  17  show  the  Reaction  Factors  plotted  with 
spam  lengths  as  abscissas.  Here  the  individual  lines  of  varia- 
tion for  each  column  height  are  approximately  parallel  and  con- 
sistently spaced,  showing  that  variations  in  the  other  character- 
istics of  the  structure  have  but  little  effect  on  the  results. 

The  fact  that  the  lines  are  approximately  horizontal  indicates 
that  the  span  length  has  but  little  effect  on  the  moments. 

Graphs  18  and  19  show  the  Reaction  Factors  plotted  with 
the  ratio  h/^  as  abscissas. 

Graph  20,  which  shows  graphs  14  and  15  drawn  on  the  same 
sheet,  gives  a good  comparison  of  the  moments  of  the  leeward  and 
windward  columns.  These  are  the  best  graphs  from  which  to  make 
empirical  determinations  of  the  resisting  moments. 

Graphs  21  to  26  show  the  variation  of  the  points  of  contra- 
flexure  with  column  height,  span  length  and  ratio  YiA  . In  gill 
these  graphs  the  ordinates  are  Y/d(  the  ratio  of  height  of  point 
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of  contraflexure  to  height  of  foot  of  knee  brace.  ) These  graphs 
show: 

(a)  leeward  column  - the  ratio  y/d  is  practically  constant, 
being  only  slightly  affected  by  variations  in  any  characteristics 
of  the  structure. 

(b)  windward  column  - here  the  position  of  the  knee  brace 

seems  to  have  a material  effect.  This  is  seen  from  Graph  22 

which  shows  that  the  ratio  y/d  is  practically  the  same  for  those 

trusses  which  have  the  same  ratio  of  supported  to  unsupported 

length  of  column,  h- d . For  the  ordinary  values  of  h-d  the 

d ' d 

ratio  y/d  is  fairly  constant  but  when  this  ratio  approaches  the 

value  0.  5 the  ratio  y/d  increases  very  rapidly.  On  account  of 

the  effect  of  position  of  knee  brace  the  points  which  represent 

the  same  column  heights  on  graphs  23  and  24:3  cannot  be  connected 

by  smooth  curves. 

Conclusions : 

Column  height  is  the  only  characteristic  of  the  structure 
whicfci  materially  influences  the  resisting  moments. 

An  increase  in  span  length  slightly  increases  the  resisting 
moment  of  the  leeward  column  and  decreases  that  of  the  windward 
column. 

Contrary  to  what  might  be  expected,  the  moment  of  inertia 
of  the  columns  and  the  position  of  the  knee  brace  do  not  seem 
to  affect  the  resisting  moments. 

The  location  of  the  point  of  contraflexure  of  the  leeward 
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column  is  practically  constant  at  the  ratio  Y/d  equal  to  0.60. 

The  location  of  the  point  of  con trafl exure  of  the  windward 
is  practically  constant  at  the  ratio  Y/d  equal  to  0,  50  until  the 
ratio  of  supported  to  unsupported  lengths  of  columns  approaches 
0.  50,  then  the  ratio  Y/d.  increases  very  rapidly. 

While  the  common  assumption  of  the  location  of  the  points 
of  contraflexure  are  not  greatly  in  error,  the  resulting  bending 
moments  are  greatly  in  error  for  the  reason  that  the  assumption 
of  equal  horizontal  reactions  is  far  from  correct. 

The  position  and  amount  of  the  maximum  bending  moment  in 
the  columns  had  best  be  determined  by  an  analysis  of  the  structure 
or  by  use  of  the  graphs  as  given,  herein  and  not  by  making  arbitrary 

assumptions. 


. 


, 


I 


48. 


Span  20  ft  - Col,  height  10  ft 


Total  height  of  structure 
Normal  load  on  roof  segment 


t = 10  4-  5 . 15  ft. 

5.5902  x 0.7455  = 4.167  lbs 


Class  I. 

Case  As 

Total  Horizontal  load,  H ~ 10x1  5x0.7455  = 13.728  lbs 


dB  = 6,241 


dj  - 3 ,010 
dG  r 2,421 
dF  = 1,383 


da  sin  A Z 2,421  x 0.4472  = 1,083 
See  Fig.  28 

dj  = 1,085  4-  275  z 1358 
d0  = 1,083  k 975  = 2058 
dS  = 1,083  4-  887  = 1970 


J: 

3,010 

X 

2 = 6020 

J: 

1558 

X 

2.084  = 

2830 

G: 

2,421 

X 

3i=  8474 

0: 

2058 

X 

4.167  r 

8576 

F: 

1 ,383 

X 

3 = 4149 

S : 

1970 

X 

2.084  ~ 

4105 

18643 

15511 

18,643  4.  15,511  - 34,154 

Hr  . 34,154  s 5#47S  lbs#  HL  = 15.726  - 5.475  - 6.255  lbs. 


6 ,241 

Ho  - 5.473  a 0.355  c Q«3S5  s 0-650  • £i|Z|_Q„  0. 


15 


15 


H 


13.728 


399 


Case  Bs 

Total  Vertical  reaction,  Y « 10  s 0.7455  “ 7.455  lbs. 

10x5#  0.7455x11.180x9.95  . 50  4-  82.930  _ c 

Yb  z * “20  20  “ S* 


^ . 0.443  TL  - V -VH  . 0.809  lbs. 


s 0.0539 


Case  A: 

ds  * 1,972 


Class  II 


dG  sin  A z 564  x 0.4472  = 252 


See  Fig.  33. 


dj  = 902 

f 

4 

- 

252  4 157 

- 409 

d£  = 564 

d0 

- 

252  4 590 

- 842 

dp  = 199 

d3 

• 

252  4 550 

z 802 

J: 

902  x 2 * 

1804 

J 

409 

x 2.084 

= 852 

G: 

564  x 5i  « 

19  74 

0 

842 

x 4.167 

= 3509 

F: 

199  x 3 = 

597 

s 

802 

x 2.084 

= 1671 

4375 

6032 

4375 

4-  6032 

= 

10, 

407 

% 

10,407 

* 1,972 - 

5.278 

lbs. 

Hl 

S 

13.728  - 

5.278 

§2.  s 0.352 
t 

¥’ 

0.563 

hr  . o 

"H  - °- 

385 

dB 

20 ,374 

See  Fig.  37 

dJ 

- 

6060 

dj  = 2700 

dr 

- 

2300 

d0  = 8500 

dp 

= 

576 

d3  =14200 

J: 

6060 

X 

2 = 

12,120 

J:  2700  x 2.084  * 

5 

,630 

G: 

2300 

X 

3§-  - 

8,060 

0:  8500  x 4.167  = 

35 

,420 

F: 

576 

X 

3 s 

1,730 

3:  14200  x 2.084  - 

29 

,590 

21,910 

70 

,640 

21  ,910  f 70  ,640  = 92  ,550 

VR  I = 4.543  lbs.  VL  r 7.455  - 4.543  = 2.912  lbs. 

= 0.303  - 0.194 


Case  C. 

dK  f A4  = 25.55 


d T = 7.944 
dg  * 5.141 

dji  = 1 • 8o8 


cLq  sin  A = 5.141  x 0.4472  z 2.299 
See  Fig.  43. 

d j = 2.299  4-  1.290  = 3.589 
dj)  z 2.299  4-  4.50  = 6.799 
d3  z 2.299  4-  3.90  I 6.199 


J: 

7.944 

x 2 I 

15.888 

J:  3.589  x 

2.084  Z 

7.479 

G: 

5.141 

x 3i  = 

17.993 

0:  6.799  x 

4.167  r 

28.331 

F: 

1.838 

x 3 = 

5.514 

S:  6.199  x 

2.084  = 

12.919 

39.395 

48.729 

39.395  + 48.729  = 

88.124 

% 

72  x 

88.124 

6 ,344.928 

= 248.31  in. 

lbs. 

2, 

0.552 

25.552 

Ml  «£Pd  " 24:0YR  " % 

= ( 10x5x12 )4  ( 0 . 7455x11 . 180x9  . 95x12 ) - ( 240x4 . 543 ) -248 . 31 
• 600  | 995.16  - 1090.32  - 248.31  = 256.63  in.  lbs. 


16.55 


17.10 


Points  of  Contraflexure : 


Yr 

ii 

II 

248.31  _ Art  j n 

5.278  ' 4/*°0  ln* 

yl 

ii 

MM 

47.05 

72 

* 0.654 

Yl 

a 

12H3J£|/l44H2  - 24Ml  Z 57.3  in. 
5-7--V5  a 0.518 


Span  20  ft.  - Col,  height  12  ft. 


Total  height  of  structure  t s 12  f 5 = 17  ft. 

Normal  load  on  roof  segment  5.5902  x 0.7455  = 4.167  lbs. 


Class  I 


Caae  A:  (Pig.  27) 

Total  Horizontal  load 


H » 12x14-5x0.7455  = 15.728  lbs. 


dB  = 11,015 


d G-  sin  A * 4683  x 0.4472  - 2094 


kj  Q C_| 


Js  5385  x 2 = 10,770 
0:  4683  x 4 = 18,732 

F:  2751  x 4 = 11,004 

40  ,506 


See  Fig.  29 

J:  2424  x 2.084  - 5,052 

0:  3254  x 4.167  = 13,559 

S:  3139  x 2.084  = 6 ,542 

25,153 


40,506  4-  25,153  = 65,659 


H a 65^659 
* 11,015 


5.961  lbs. 


Ht  r H - * 9.767  lbs. 


hl 

”t  = 


0.575 


- 0.379 


Case 
VH  = 


B: 

Total  Vertical  reaction  V : 10  x 0.7455  z 7.455  lbs. 

12x6  4-  0.7455x11.180x10.85  ^ 72  4-  90.431  * R PP 

20  20  *<- 

= 0.478  VL  s V a VR  » -0.667  lbs.  ^ * -0.0393 


Glass  II 


Case  A:  (Fig.  32} 
aB  * 3,215 


cLo  sinA  - 1120  x 0.4472  - 501 


: 1517  x 2 = 3034 

: 1120  x 4 = 4480 
416  x 4 s 1664 
9178 


J 

0 

s 


See  Fig.  34. 

684  x 2.084  = 1425 
1181  x 4.167  = 4921 
1131  x 2.084  = 2557 

8703 


9178  1 8703  * 17,881 


Hr 


17-,881 

3,215 


5.562  lbs. 


Hi  a H - % » 10.166  lbs. 


0.598 


- 0.354 

li 


B: 

dB  = 25,494 


Case 


See  Fig.  38  and  41 


a 

. 


. ' V . 


: 


. 


. 


■ 


' 


■ t 


. 


5a, 


8875  x 2 = 17750 
4096  x 4 = 16384 
1024  x 4 ” 4096 


J:  4000  x 2.084  = 8340 
(D:  10900  x 4.167  = 45420 
3:  18300  x 2.084  r 58140 

91900 


V 


R 


1_50_»150_  5.104  lbs. 

25  ,494 

- 0.300 
"C 


Case  C:  (Pig.  42) 

djr  ^ A4  s 39.820 


38230 

38,230  f 91,900  z 150,130 

Vi  s 7.455  - 5.104  * 2.351  lbs. 


J: 


11.898  x 2 z 23.796 
9.005  x 4 = 36.020 
3.393  x 4 — 13.572 


= 0.138 
t 


cLq.  sin  A *»  4.027 
See  Pig.  44 


5.557  x 2.084  = 11.164 
8*667  x 4.167  = 36.115 
8.027  x 2.084  = 16.728 


64.007 


73.388 

73.388  f 64.007  = 137.395 
ir . 96  x 137.395  13.189.920 

MR  = —39. 826"“ “ " 39.820 s 331.24  m.  lbs. 

Ml  =XPd  ~ 24°Vr  - Mr 

= ( 12x6x12 ) l ( 0 . 7455x11 . 180x10 . 85x12 ) - ( 240x5 . 104 ) -331 . 24 
z 864  f 1085.17  - 1224.96  - 331.24  : 382.97  in.  lbs. 

M&  = 19.48  ML  » 22.53 


Points  of  Contraflexure : 


yt)  . Mr  - 


■R 


Y _ 59.6  _ 


96 


5.562 


0.620 


59.6  in.  Yl  = 12HLtt144H£  ' 24It£  =46.6 
Y 46.6 


96 


= 0.486 


53. 


Span  20  ft.  - Col . height  10  ft. 


Total  height  of  structure 
Normal  load  on  roof  segment 


t s 16  t 5 : 21  ft. 

5.5902  x 0.7455  s 4.167  lbs. 


Class  I 


Case  A: 

Total  Horizontal  load 
dB  - 27,387 


H 1 16x1  4 5 x 0.7455  = 19.7281bs 
dr  sin  A Z 12,618  x 0.4472  = 5643 


13,548  x 2 » 27  ,096 
12,618  x 5 = 63,090 
7,691  x 6 = 46  ,146 
136,332 


See  Pig.  30 

6068  x 2.084  = 12,646 
7153  x 4.167  = 29  ,807 
6993  x 2.084  = 14,573 

57  ,026 


% = ^.358-  . 7.06O  lbs. 


136,332  4 57,026  = 193,358 

Hl  s H - % ® 12.668  lbs. 


Hp  - 0.336 

t* 


iL  -.0.603 
t 


= 0.358 


Case  B: 

Total  Vertical  reaction 


V - 10  x 0.7455  = 7.455  lbs. 

. 16x840.7455x11.180x12.650  = 1284105.454  s A7p 
VH  “ 20  pn 


20 


Vj2 

-f  = 0.556 


VL  = V - vs  s -4.217  lbs. 


-0.201 


Class  II 


Case  A: 

dB  . 


7410 


dg  sin  A a 3089  x 0.4472  z 1381 
See  Pig.  35. 


J: 

3602 

X 

2 l 

7204 

J: 

1616 

X 

2.084  = 

5368 

G: 

3089 

X 

5 z 

15445 

0: 

2231 

X 

4.167  = 

929  7 

F: 

1233 

X 

6 = 

7398 

3: 

2156 

X 

2.084  = 

4493 

30047 

17158 

30047  f 17153  I 47,205 

47  205 

HR  a ”7410“"  = 6.370  15s.  Hj,  * H - Hr  ■ 13.358  15s. 


0.303 


0.636 


Case  B: 

d3  = 35,734 


See  Fig.  39 


J:  16043  x 2 = 32086 
G:  9216  x 5 - 46080 
3? : 2304  x 6 * 13824 


7200  x 2.084  = 15000 
17500  x 4.167  = 72920 
27500  x 2.084  = 57310 


91990 

91,990  f 145,230  = 237,220 


145230 


237  ,220 

V - VH  - 

0.816 

lbs. 

VR 

= 35,734  ~ 0 

.639  15s. 

Vt  = 

Oi 

la  - 

t 

0 . 316 

o 

it 

.0389 

Ca: 

3Q  C: 

+ ^4  a 

78.133 

dr 

sin  A = 8 

.676 

See  Fig. 

45 . 

J: 

22.305  x 2 = 

44.610 

J: 

10.006  x 

2.084 

= 20. 

.853 

G: 

19.402  x 5 = 

97.010 

0: 

13.236  x 

4.167 

a 55. 

. 154 

F: 

7.828  x 6 - 

45.968 

S: 

12.626  x 

2.084 

= 26, 

,313 

183.588 

102, 

,320 

188.588 

t 

102.320  s 

290.908 

Mr 

144  x 290.908  41, 

78.133 

890 

78. 

1 . 75  2 _ rz  r-7  r -i  rr  -i-l. 

IL33  536  • 15  xn«3-l) 

s. 

=J?d  - 240Vr 

- % 

i { 16x8x12 ) f ( 0 . 7455x11 . 180x12 . 65x12 } - ( 240x6 . 639 ) -536 . 15 
■ 1536  * 1265.21  - 1593.36  - 536.15  = 671.70  in  15s. 

Ml  * 


s 25.53 


51.99 


Points  of  Contraflexure : 


Yr 


Lip  _ 536,15 
= Hr  ” 6.370 


84.2 
cL  " 144 


0.535 


84.2  in.  Yj, 


62.6  in. 
= 0.435 


3pan  20  ft.  - Col,  height  19  ft . 


Total 

Hormal  load 


height  of  structure  t s 19  4 5 = 24  ft. 
Oil  roof  segment  5.5902  x 0.7455  s 4.167 


lbs. 


Glass 

Case  A: 

Total  Horisontal  load 
dB  = 71,419 

J:  35545  x 2 « 71090 

G:  34446  x 4|  : 155007 

F:  27398  x 5 = 136990 

3:  15029  x 5 = 75145 

438232 

438,232  f 140,165 

hh  = m i-iii  “ 8-°" ii)s • 

s 0.337  Ml 

t t 


H.  19x1  4*  5x0.7455  = 22.728  lbs. 
dG  sin  A * 15404 
See  Fig.  31. 

J:  15904  x 2.084  = 33144 

0:  17184  x 4,167  = 71606 

3:  16994  x 2.084  = 35415 

140165 

= 573,397 

HL  = E - % * 14.529  lbs. 

0.610  % - 0.356 

a 


Case  B: 

Total  Vertical  load  V = 10  x 0.7455  = 7.455  lbs. 

VR  - 19x9  . 540 . 7455x11 . 180x14 . 00  _ 180.5^4  116.686  _ iz_#a59  lbs 

^ = 0.619  VL  = ¥ - VS  • -7.404  lbs  ^ - -0.300 


..I  - 


. : 


. 


« 


L 


« <P  C_: 


56. 


Glass 

II. 

Case 

A: 

dB 

g 

12 

,450 

sin 

A = 

5514  x 0 

.4472  = 

2466 

Set 

2 rig. 

36 

J: 

6114 

X 

O 

Kt 

» 12 

,228 

G: 

5514 

X 

■4fc 

= 24 

,813 

J: 

2741 

X 

2.084  = 

5 

,712 

P: 

3517 

X 

5 

= 17 

,535 

0: 

3456 

X 

4.167  = 

14 

,401 

E: 

1146 

X 

5 

= 5 

,730 

3: 

5366 

X 

2.034  = 

7 

,015 

60 

,356 

27 

,128 

60,356  f 

27, 

128 

= 87 

00 

Hr 

m 

87 

12 

,484 

,450 

= 7 

.027 

lbs 

• hl 

= H 

“ Hr  = 

= 15.701 

% 

= 

0. 

293 

hl 

T 

B 0. 

654 

la  = 

H 

0. 

309 

Case  3: 


dB  = 

43  ,414 

See 

Pig.  40. 

22,763 

x 2 = 

45  ,530 

14  ,400 

x 4|-  = 

64  ,800 

J: 

10,050  x 

2.084  = 20 

,940 

6 ,400 

x 5 r 

32,000 

0: 

oo  ROD  -v 

•W  ^ ' .i.  i» 

4.167  = 93 

,760 

1,600 

x 5 = 

8 ,000 

35  ,000  x 

2.084  _ 72 

,940 

loQ ,330 

137 

,340 

150,330  4-  181/ 

,640  = 

337  ,9  70 

Vr 

337  ,9 70 
" 43 ,414  ~ 

7.785  lb a. 

i 

> 

ii 

> 

VR  — “0 • 3oQ  lbs. 

a 0.32 

4 

** 

- -0.0133 

0 cj  £3 

e G: 

dK  ^ ^4  * 

115.687 

sin  A z 13.173 

J : 

32.326  x 2 

s 64.652 

See  Pig.  46 

G: 

29.456  x 4-§ 

= 132.552 

J: 

14.483  x 2.084  = 30.183 

P: 

18.926  x 5 

= 94.630 

0*. 

17.673  x 4.167  = 75.643 

E: 

6.190  x 5 

— ■ 30.950 

S: 

17.073  x 2.084  = 35.580 

332.784 

139.406 

322.734  r 139.406  * 462.190 


* 


c 


, 


■ 


57. 


180x462 . 190  E 83,194  = 

MR  - 11.67687  11^7687  719,1/5  in.  lb-. 

Mj^  Z ^Pd  “ 240 - Mg 

= f 19x9 . 5x12 ) 4 ( 0 . 7455x11 . 180x14,00x12 ) -240x7 . 785-719 . 13 
_ 2166  4 1400,23  - 1868,40  - 719.13  = 978.70  in.  lbs. 


M- 


^ = 29.96 


M- 


^ = 40.78 


Points  of  G ontra flexure : 

Yr  = MR  = 71y'-p7  = 102,3  in-  Yl  = 12Hltfl44H£  - S4M  = V9.1  in. 


I _ a 0.569 

d ” 180 


I * 79»1  - 
d 180  " 


0.459 


58. 


n 


Span  50  ft.  - Col  height  16  ft* 


Total  height  of  structure 
Normal  load  on  roof  segment 


t s 16  U.5  : 25.5  ft. 
4.1927  x 0.7455  = 5.126  lbs. 


Class  I 


Case  A:  (Fig.  47) 

Total  Horizontal  load 

aB  = 45,914 


H = 16x11-7.5x0. 7455  - 21.591  lb 
dG  sin  A * 21,048  x 0.4472  * 9,415 


22,616  x 2 = 45,232 
21,048  x 4 = 84,192 
16,302  x 4 = 65,208 
8,852  x 4 = 35,328 
229  ,960 


See  Fig.  48. 

10,143  x 1.563  = 15,854 
11,613  x 3.126  - 36,302 
12,063  x 3.126  * 37,709 
12,313  x 5.126  = 38,490 
11,983  x 1.563  = 18,729 

147,084 


229  ,960  4 147,084  = 377,044 


HR  * ‘ 8-212  lbs* 


§2  = 0.549 

t 


= 0.569 

w 


hL  * H - % = 13.379  lbs. 
0.380 


Si 


Case  B: 

Total  Vertical  load 


H 


V = 15  x 0.7455  = 11.182  lbs. 


Vr 


r 16x84 0 . 7455x16 .771x15 . 55  . 1284194.418  c 10.747  IBs. 


30 


,30 


^ = 0.457  VL  - V - VR  = 0.435  lbs.  ^ r 0.0185 


Case  A: 

dB  „ 12,550 


Class  II 

dG  sin  A s 5165  x 0.4472  = 2310 
See  Fig.  53 


5<i  i 

J: 

2725  x 

1.563  = 

4,259 

J: 

6040  x 

2 - 12,080 

2: 

3580  x 

3.126  = 

11,191 

Grl 

5165  x 

4 = 20,660 

3: 

3830  x 

3.126  = 

11,973 

F: 

3204  x 

4 = 12  ,816 

6: 

39  70  x 

3.126  = 

12,410 

E: 

1028  x 

4 = 4,112 

7: 

3790  x 

1.563  = 

5,924 

49  ,668 

45  ,757 

49  ,668  £ 45  , 

757  = 95,425 

I 

% 

1 2 1 B'i'O  “ 7,616  lbs# 

Hl  = H - HR  = 13 

.975  lbs. 

II 

t§{p 

0.324  - 

0.595 

= 0.353 

Case  B: 

dB  - 

133,714 

See  Fig 

. 57  and  61 

J: 

18,500 

x 1.563 

* 28,900 

J: 

40,008 

x 2 * 80,020 

2: 

36  ,500 

x 3.126 

= 114,100 

G: 

22  ,983 

x 4 = 91.930 

3: 

55  ,000 

x 3.126 

= 171,900 

F: 

10,215 

x 4 = 40,860 

6 : 

73,500 

x 3.126 

= 229  ,800 

E: 

2,554 

x 4 = 10,220 

7: 

91,500 

x 1.563 

= 143,000  | 

223,030 

687,700  | 

223,030 

+ 687,700  = 

910,730 

910 .730  - A 

-* — — - 6.811  lbs. 


VH  133,714 

Ih 

t 

Case  C:  (Fig.  62) 


0.290 


% ^ A, 


37.807  x 2 
32.771  x 4 
20.484  x 4 
6.601  x 4 


130.225 


= 75.614 

- 131.084 
= 81.936 

* 26.404 

315.038" 


VL  = V - Vr  = 4.371  lbs. 

= 0.186 
t 


dQ  sin  A s 14.655 
See  Fig.  63 

J:  17.035  x 1.563  = 26.626 

2:  21.805  x 3/126  = 68.162 

3:  22.855  x 3.126  s 71.445 

6:  23.200  x 3.126  = 72.523 

7:  21.800  x 1.563  e 34.073 

272.829 


315.038  f 272.829  = 587.867 

H . 144x587.367  _ 84,652,848  . lba. 

R 130.225  130.225  ~ 650. Oo  in.  lio. 


. 


• . 


' 


. 


. 


. 

. - • 

# 

* 

: 

. 

' t 

6 


0 3 S 0 S « 

Total  Vertical  load  V * 15  x 0*7455  - 11*18^  15s • 

TTr^  = 21x10. 5*0. 7455x16. 7 71x17^80  220.5  j 222.550  = 14.768  lbs. 

" 30  “ 30 


1|  s 0.518  VL  ; V - VR  = -3.586  = “0.126 


Class  II. 

Case  A: 


dB  : 

; 28,372  d Q sin  A 

J: 

13,922 

x 2 

* 27,844 

G: 

12  ,808 

x 4 

= 51,232 

F: 

9 ,888 

x 4 

« 39,552 

E: 

5 .888 

x 4 

- 23,552 

Q: 

2,172 

x 4-|- 

= 9,774 

151 ,954 

= 12,808  x 0.4472  = 5,728 

See  Fig.  54. 

J;  6,238  x 1.563 
E:  7,338  x 3.126 

3:  7,628  x 3.126 

6:  7,753  x 3.126 

7 : 7 ,498  x 1.563 


= 9,750 

= 22,939 
= 23,845 
= 24,236 
= 11,719 
92,489 


151,954  f 92,489  « 244,443 


HR  * = 8.616  lbs.  HL  = H - Hr  = 17.975  lbs. 

Ho  9o  l H 


■ 0.302 


= 0.631  = 0-S24 


Case  B: 


dB  - 

181,595 

J: 

69  ,535 

X 

2 

s 

139  ,070 

G: 

46 ,126 

X 

4 

= 

184,500 

F: 

26  ,973 

X 

4 

s 

107,890 

E: 

12,928 

X 

4 

= 

51,710 

Q: 

3,990 

X 

4& 

s 

17,960 

501,150 

501,130  f 1,037 


So©  Fig.  58 

J:  31,600  x 1.563  * 49,400 

2:  57,000  x 3.126  = 178,200 

3:  83,000  x 3.126  « 259,500 

6:  109*000  x 3.126  « 340,700 
7:  134,000  x 1.563  = 209  ,400 

1,037,200 

,200  = 1,538,330 


V-n  - d *538  *330 
R “ 181,505 


8.471  lbs. 


0.297 


C * 

dK  4-  A4  = 241.020 


Vl 


V - Vr  s 2.711  lbs. 


- 0.0951 

L+J 


d(j  sin  A = 28.076 
See  Fig.  64. 


5 


! 


Case 


62. 


J: 

G: 

F: 

E: 

Q: 


67.696 

X 

2 = 

135.392 

J: 

30.326 

X 

1.563 

= 

47.400 

62.782 

X 

4 = 

251.128 

E: 

34.976 

X 

3.126 

2 

109.335 

48.709 

X 

4 = 

194.836 

3: 

35.926 

X 

3.126 

= 

112.305 

29.095 

X 

4 = 

116.380 

6: 

36.276 

X 

3.126 

= 

113.399 

10.754 

X 

48.393 

7: 

34.976 

X 

1.563 

= 

54.667 

746  ,129 

437.106 

746.129  f 437.106  = 1183.235 

204  X 1183. 2o5  _ 241,379.940  _ -jnrn  /ia  -?n 
MR  ■ 241.020 241.020  1001.49  in.  lbs. 

Mr  Z - 360Vr  - Mr 

*( 21x10.5x12)  4- (0.7455x16  • 771x17 .80x12 ) - ( 360x8.471)  -1001.493 
* 2646  i 2670.60  - 3049.56  - 1001.49  = 1265.55  in.  lbs. 


^ = 44.41 


^ - 35.14 

Points  of  G ontr a flexure : 

YR  = MS  = log1*!-?.  = 116.24  in.  YL  - 12HT  tfl44?  - 24mt  - 88.8  in. 

Hg  a.Aifi  iin  1- 


Y 

a 


8.616 

116.24 

204 


r 0.570 


Y 

d 


88.8 

204 


= 0.435 


Span  30  ft.  - Col,  height  26  ft. 


Total  height  of  structure  t=  26  l 7.5  = 33.5  ft. 

Normal  load  on  roof  segment  4.1927  x 0.7455  = 3.126  lbs. 


Class  I. 

Case  A: 

Total  Horizontal  load  H - 26x1  i 7.5  x 0.7455  = 31.5911b 

dB  s 212,139  d&  sin  A = 103,060  x 0.4472  - 46,088 

See  Fig.  50. 
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63. 


J 

105  ,569 

X 

2 « 211,138 

G 

103,060 

X 

4 = 412,240 

J 

47  ,238 

X 

1.563 

= 

73,833 

T) 

X1 

94,537 

X 

4 = 378,148 

E 

49  ,588 

X 

3.126 

= 

155  ,012 

E 

79  ,885 

X 

4 = 319,540 

3 

50  ,288 

X 

3.126 

= 

157,200 

Q 

60,465 

X 

4§-=  272,092 

6 

50,638 

X 

3.126 

s 

158,294 

S 

31,563 

X 

5 = 157,815 
1,750,973 

7 

50,108 

X 

1.563 

m 

78,319 
622  ,658 

1,750,973  f 622,658  = 2,373,631 


2 373  631 

Hr  = ~ *212  *139  = 11  • 189  lbs.  3L  * H - Hr  - 20,402  lias. 
S|  a 0.354  ^ s 0.609  = 0.354 


Case 


VH  - 


B: 

Total  Vertical  load  V ; 15  x 0.7455  * 11. 

26x134.0.7455x16.771x20.05  _ 338  4-  250._681_ 
30  " 30 


182  lbs. 
19.623  lbs 


IS  s 0.586 
t 


Vjj  s V - V^  = -8.441  lbs. 


I*  = -0.252 


Case  Class  II 


Case  A: 

aB  = 54,557  dG  sin  A = 


J 

26 

,974 

X 

2 s 

53 

,948 

G 

25 

,623 

X 

4 - 

102 

,492 

F 

21 

,750 

X 

4 = 

87 

,000 

E 

15 

,938 

X 

4 s 

63 

,752 

Q 

9 

,550 

X 

& 

ii 

42 

,975 

S 

2 

,831 

X 

5 = 

14 

,155 

364,322 

364,322 


364,322  f 168,486 

“^§^  = 9‘766  lbs-  % 

§|  _ 0.292  SL  r 0.652 


25623  x 0.4472  = 11,459 
See  Fig.  55. 

J;  12,079  x 1.563  = 18  ,879 
E:  13,399  x 3.126  = 41,885 

3:  13,739  x 3.126  = 42,948 

6:  13,909  x 3.126  = 43,480 

7:  13,624  x 1.563  = 21,294 

168,486 

= 532,808 


: H - Hr  = 21.825  lbs. 


= 0.509 
H 


64. 


B: 

dB  r 229 

,477 

See 

Fig.  59. 

107,042  x 
77,249  x 

2 - 

4 = 

214,080 
309  ,000 

J: 

48 ,000  x 

1.563 

= 75 ,000  ; 

51^712  x 

4 = 

206  ,850 

E: 

80,000  x 

3.126 

=r  250,100  j 

31  *,283  x 

4 s 

125,130 

3: 

113,000  x 

3.126 

= 353,200 

15^961  x 

4-|* 

71,820 

6 : 

147,000  x 

3.126 

= 459  ,500 

3,990  X 

5 * 

19  ,950 

7: 

177,000  x 

1.563 

- 276,600  i 

946,830 

1,414,400  j 

946 ,830 

f 1 ,414  ,40C 

= 2,361, 

230 

1 

7^  = ^ t^l  ,250  _ 10.E90  lbs.  Vl  = V - Yr  = 0.902  lbs. 

229  ,477 


*? 


= 0.307 


Case  C: 


% * ^4  = 388.494 

105.078  x 2 = 210.156 

100.363  x 4 -=  401.452 

85.500  x 4 = 342.000 

62.802  x 4 = 251.208 

37.695  x 4-|-  = 169.627 

11.190  x 5 - 55.950 


^ = 0.0269 


d(j  sin  A m 44.882 
See  Fig.  65. 


47.082  x 1.563  = 73.589 
51.562  x 3.126  = 161.183 
52.442  x 3.126  « 163.933 
52.732  x 3.126  = 164.840 
51.262  x 1.563  = 80.123 


1,430.393  643.668 

1,430.393  J.  643.668  - 2,074.061 

Ms  r 264x2,074.061  . 547.552.104  11Q0  ±o  in  rb- 

* 388.494  383.494  = 1409-42  m.  lbs. 

Ml  - Jpd  - 360YH  - Ms 

2 ( 26x13x12 ) M 0 . 7455x16 .771x20.05x12 ) - ( 360x10 . 290 ) -1490*42 
Z 4056  | 3008.17  - 3704.40  - 1409.42  = 1950.35  in.  lbs. 

r 42.07  = 58.22 

Points  of  Contraflexnre : 


Yw  - M&_  . 1409.42  . 

- H"  “ Q - 7 A a ” 144.3 


9.766 


m« 


I = 144-12  0.547 

d 264 


Y 

d 


Yi  = 1 2H  tjl 4 4h£  “ 24ML 

z 114.0  in. 

. 114.0 


264 


= 0.432 


65 


Span  50  ft . - Col,  height  51  ft. 


Total  height  of  structure.  t - 31  f 7.5  = 38,5  ft. 
ilormal  load  on  roof  segment.  4.1927  x 0.7455  = 5.126  lbs. 


Class  I 


Case  A: 

Total  horizontal  load 


dB  a 164,493 


dp  sin  A 


H * 31  \ 7.5  x 0.7455  = 36.591  lb£i 

78 ,694x0.4472  = 35,192 
See  Fig.  51. 


J: 

G: 

81,665 

78,694 

X 

X 

2 

4 

= 163,330 
-=  314,776 

F: 

73,003 

X 

4 

= 292,012 

J 

36  ,532 

X 

1.563 

22 

57,100 

B: 

64,448 

X 

4 

= 257,792 

2 

39  ,342 

X 

3.126 

= 

122,983 

Q: 

53,526 

X 

d'g- 

= 240,867 

3 

40  ,092 

X 

3.126 

= 

125  ,528 

S: 

37,306 

X 

5 

» 186,530 

6 

40,472 

X 

3.126 

■S3 

126,515 

B: 

19 ,139 

X 

5 

= 95  ,695 

1,551,002 

7 

39  ,742 

X 

1.563 

fit 

62,117 

49£,'0'4'3 

1,551,002  f 494,043  = 2,045,045 


% = 

2,045,045 

164,493 

“ 12.432  lbs. 

Hj,  - H - Hr  s 24.159  lbs. 

Hr  = 
t 

0.323 

= 0.628 

« 0.340 

Case 

B: 

Total  Vertical  load  V - 15  x 0.7455  » 11.182  15s. 

V*  = 51x15 .54»0. 7455x16 . 7 71x22 . 50  _ 480.5  4-  278.812  _ 25.310  lhs! 


1R  : 


= 0.657 


30 

Vi  « V - VR 


30 


•14.128  lbs.  ^ = "0.367 


Class  II. 


Case  A: 

dB  r 42,340 


d(j  sin  A - 8 ,655 
See  Fig.  56. 


. 


J: 

20,842 

X 

2 

23 

41,684 

G: 

19  ,354 

nr 

J*. 

4 

= 

77,416 

P: 

16  ,790 

X 

4 

= 

67,160 

E: 

13,321 

X 

4 

= 

53,284 

Q: 

9 ,476 

X 

4i|- 

= 

42,642 

3: 

4,860 

X 

5 

- 

24,300 

IT: 

1,377 

X 

5 

S 

6 ,885 
313,371 

J: 

9 ,325 

X 

1.563 

- 

14,575 

E: 

10,785 

X 

3.126 

- 

33,714 

3: 

11,160 

X 

3.126 

m 

34,886 

6: 

11,355 

X 

3.126 

ss 

35  ,496 

7: 

11,025 

X 

1.563 

- 

17,232 

155  ,903 


313,371  4-  135,903  = 449  ,274 


% 

H 


*t  = 


449,274  „„  _ 

42 ,340  ~ 1*0*611  lbs,  -dx» 

0.276  = 0.675 


H - Hr  = 25.980  lbs . 
2E  s 0.290 


Case  B: 

dB  = 105,261 


See  Pig*  60 


J: 

G: 

55,790 

42,558 

X 

X 

2 s 

4 - 

111,580 
170 ,230 

P: 

30  ,882 

X 

4 = 

123,530 

J: 

25,000 

X 

1.563 

39  ,100 

1?  • 

±j  • 

21,074 

X 

A.  a 

84,300 

2 : 

39  ,600 

X 

3.126 

X 

123,800 

r\  • 

• 

13,135 

X 

4§-= 

59  ,110 

3: 

54,500 

X 

3.126 

- 

170  ,400 

S: 

5,838 

X 

5.  = 

29  ,190 

6 : 

69  ,000 

X 

3.126 

X 

215,700 

IT: 

1,459 

X 

5 = 

7,290 
585  ,230 

7: 

84,000 

X 

1.563 

131.300 

680 .300 

585,230  4-  680,300  * 1,265,530 

VR  z 1411- = 12.022  lbs.  Yl  = V - Vr  - -0.840  lbs. 
105  ,261 

= 0.312  ^ = -0.0218 


Case 

C: 

a2  + 

t> 

m 

222.822 

dG 

sin  A » 25 

.772 

See  Pig. 

66  • 

J: 

61,582 

x 2 = 

123.164 

G: 

57.630 

x 4 = 

230.520 

P: 

50 • 283 

x 4 - 

201.132 

J: 

27.602  x 

1.563 

= 43.142 

E: 

40.090 

x 4 = 

160.360 

ill  * 

31.272  x 

3.126 

= 97.756 

Q: 

28.587 

x 4ir- 

128.641 

3: 

32.022  x 

3.126 

=1050.101 

S: 

14.705 

x 5 = 

73.525 

6: 

32.222  X 

3.126 

*100.726 

IT: 

4.176 

x 5 - 

20.880 

7: 

31.092  x 

1.563 

= 48.597 

938.222  390.322 


= 1,328.544 


938.222  1 390.322 


tiTt-.  _ 324  x 1328.544  _ 430 ,448.256  _ 1931.80  in.  lbs. 

K 222.822  222.822 

Ml  - ^JPd  - 360Vr  - Mr 

= ( 31x15 . 5x12 ) 4-  ( 0 . 7455x16 .771x22 . 30x12 ) - ( 360x12.022 ) -1931 . 80 
« 5766  4-  3345.74  - 4327.92  - 1931.80  = 2852.02  in.  lbs. 

« 50.18  ^ s 74*08 


Points  of  Contraflexure: 

Yr  - Me  = = 182.1  in.  Y1  = 12HIlffl44H|  - 24Mj, 

# » 142.3  in. 

Y = 142.3  _ 

d 324  “ °-439 


Y 182.1 
d " 324 


0.562 


68. 


Span  40  ft.  - Col.  height  16  ft. 


Total  height  of  structure  t-  16  $ 10  =26  ft. 

Normal  load  on  roof  segment  5.5902  x 0.7455  * 4.167  lbs. 


Class  I. 

Ca se  A * 

Total  Horizontal  load  H«  16x1  h 10x0.7455  = 23.455  lbs. 


dB  = 32,609 


dG  sin  A = 14,208  x 0.4472  = 6354 
See  Pig.  68 


15,924  x 3 * 47,772 
14,208  x 5^=  78,144 
8,454  x 5 = 42,170 
166  ,086 


7154  x 2.084  - 14,909 
8624  x 4.167  ~ 35,936 
9024  x 4.167  = 37,603 
9204  x 4.167  = 38,353 
8904  x 2.084  = 18,556 
145,357 


tr  _ _ o 1<2  , 44  O n c i o 

= 32,60  9 " 9 * lDS* 


168,086  f 145,357  » 513,443 

HL  = H - Hr  = 13.843  lbs. 


Sf  - 0.370 


St 

t 


0.532 


Ie  3 

H 


0.410 


Case  B: 

Total  Vertical  load 


VR 


V - 20  x 0.7455  = 14.910  lbs. 
16x8  4 0.7455x22.56x18.50  _ 128  4 505.050  _ 10#826  lbs. 

a r\  ” AO  ** 


= 0.416 


40  ~ "40 

7^  ; y —VBS  4.094  lbs. 


- 0.157 


Class  II 

0 3 S G * 

d-D  s 9,445  dG  sin  A = 3394  x 0.4472  = 1518 

See  Pig.  73 


. 


. 


: 


f 


. 


. 


. 

« 

\ 


r, 


* 


. - 


. 


r 


J 

1998  x 2.084  = 

4,164 

2 

2958  x 4.167  = 

12  ,326 

J: 

4450  x 3 = 13,350 

3 

3218  x 4.167  = 

13,409 

G: 

3390  x 5i  = 18,667 

6 

3358  x 4.167  = 

13,993 

F: 

1292  x 5 = 6,460 

7 

3138  x 2.084  = 

6,540 

38  ,477 

50,432 

38,477  l 50,432  = 88,909 

Hr 

88,909  _ „ _ 

9 445  ”*  ^ 15s. 

Hl  s H « % : 14.042  lbs. 

r 0.362  ^ ='0.540 

TTd 

-g  = 0.401 

Case  B: 

aB  = 211,776 

See  Pig.  77. 

J 

23,000  x 2.084 

= 47,900 

2 

51,000  x 4.167 

= 212,500 

J: 

51,925  x 3 = 155,800 

3 

80,000  x 4.167 

= 353,600 

G: 

21,281  x &§•  » 117,000 

6 

108,000  x 4.167 

= 450,000 

F: 

5 ,320  x 5 3 26  ,600 

7 

137,000  x 2.084 

= 285,500 

299  ,400 

1,329  ,500 

299  ,400  f 1,329 

,500 

* 1,628,900 

Vr 

1,628,900  _ _ _ 

211 ,776  £ I*™*  lbs* 

YL  r Y - VR  . 7.218 

lb  s . 

Yr 

-£  * 0.296 

•^jjf  * 0.278 

Case  C: 

a2  4 a 4 = 101.27  aG  « 

sin 

A ~ 10.38 

See  Pig.  83. 

J 

13.38  x 2.084  = 

27.88 

2 

19.23  x 4.167  = 

80.13 

J: 

29.81  x 3 = 89.43 

3 

20.58  x 4.167  = 

85.76 

C : 

23.20  x 5i  =127.60 

6 

20.98  x 4.167  = 

87.42 

F: 

8.90  x 5 = 44450 

7 

19.38  x 2.084  - 

40.59 

261.53 

321. §8 

261.53  4-  321.58 

= 583.11 

120x583.11  59  ,973.20  _ _ 

Mr  - — 1(71727 — = 101.27  = 690. yb  m.  ids. 

ML  =XPd  “ 480  VR  * MR 

= f 16x8x12 ) 4-  ( 0 . 7455x22 . 36x18 . 30x12 ) - ( 480x7 . 69  2 ) -69 0 . 9 6 
= 1536  l 3660.60  - 3692.16  - 690.96  = 813.48  in.  11s. 


M 


B = Zio.58 


M.  _ 


-- 


Points  of  Contraflexure : 
f 690.96 


Yr  = 

Y 
d 


l " 9.413 

73.4 

120  s 0*612 


- 73.4  in.  Yj,  s 12HLi 


I 74.5 
ad"  120 


- 24M£  = 74.5  in, 

0.621 


Span  40  ft.  - Col,  height  21  ft. 


Total  height  of  structure 
Normal  load  on  roof  segment 


t = 21  * 10  = 31  ft. 

5.5902  x 0.7455  = 4.167  lbs. 


Class  I 


Case  A:  (Pig.  67) 

Total  Horizontal  load 


H 


21x1  * 10x0.7455  = 28.455  lbs 


aB  = 83,483 


41,276  x 5 
39,060  x 5i 
30,473  x 5 
16  ,567  x 5 


Iq  sin  A 


123.830 

214.830 
152,360 

82,830 

573,850 


39,060  x 0.4472  * 17,470 
See  Pig.  69. 


18  ,500 
20,370 
20  ,900 
21 ,140 
20,670 


573  1-341,690  = 915,540 


x 2.084  ® 38,550 
x 4.167  * 84,880 
x 4.167  = 87,090 
x 4.167  = 88,090 
x 2.084  = 43 ,080 
341,690 


HS  Z 


- 915,540 


83,483 


10.967  lbs. 


Hi  = 17.488  lbs. 


H 


0.354 


IL 

t 


0.564 


Si  - 0.385 
H 


t?  j Hnj  Q C_| 


71. 


Case  Bs 

Total  Vertical  load  V=  20  x 0.7455  = 14.910  xbs. 


VR 


21x10. 5*0. 7455x22. 36x20. 55  _ 220.5f342.5M  _ 1A  D7A  i*«_ 

- “r*  — ■ _ 4 0 ” 


40 


0.454 


Yt, 


Yl  = Y - Yr  - 0.834  lbs.  "t  = °-0269 


Class  II 


Case  A:  (Pig.  72) 
aB  * 22,346 


10,860  x 3 * 32,580 

9,545  x &£>■  = 52,500 
6,015  x 5 = 30,070 

1,947  x 5 = 9,740 


d(j  sin  A - 4270 
See  Pig.  74 


4870  x 2.084 
6000  x 4.167 
6310  x 
6460  x 
6230  x 


4.167 

4.167 

2.084 


124,890 
124,890  + 101,340  = 226,230 


10  ,150 

25,000 
26  ,290 
26  ,920 
12,980 
101 ,340 


226  230 

HR  * ""'22,1546  * 10*124  lbs.  B H - Hr  = 18.331  lbs, 

^ = 0.327  - 0.591  = 0.356 


Case  B: 

dB  r 296,899 


See  Pig.  78  and  81. 


J: 

42  ,000 

X 

2.084 

= 87,500 

J: 

91,295 

X 

3 

s 

273,900 

2: 

81,000 

X 

4.167 

- 337,500 

G: 

47,882 

X 

5| 

s 

263,400 

3: 

123,000 

X 

4.167 

= 512,500 

P: 

21,281 

X 

5 

2 

106  ,400 

6: 

165  ,000 

X 

4.167 

* 637,600 

B: 

5,320 

X 

5 

= 

26  ,600 
670,300 

7: 

203  ,000 

X 

2.084 

= 433,500 
2 ,058  ,600 

Vr  = 


£>728  ,900  s 

296  ,899  y,xy-L  -LDS* 


Y 


= 0.296 


670,300  4 2,058.600  = 2,088,900 

Vl  = Y ” VR  - 5.719  lbs, 
Vt-  - 0.184 


dE  * A 

4 = 198.99 

dr 

See 

sin  A * 22.41 
Fig1.  84. 

J: 

25.26 

x 2.084 

z 

52.64 

J: 

56.39  x 

3 = 169.17 

2: 

31.06 

x 4.167 

= 

129.43 

G: 

50.12  x 

5-|  = 275.66 

3: 

31.96 

x 4.167 

= 

133.18 

F : 

31.74  x 

5 » 158.70 

6: 

32.42 

x 4.167 

= 

135.09 

E: 

10.30  x 

5 = 51.50 

655.03 

7: 

1 ♦ 

31.01 

x 2.084 

s 

64.62 

514.96 

655.03  4 

514.96  = 1169.99 

1803:1169.99  210,598.20  , _ 

MH  - I98T99~  * “7 98799"“  " 1058*34  m.  Ids. 

Mx  * £Pd  " 480YR  - MR 

= ( 21x10 . 5x12 ) 4 ( 0 . 745 5x22 . 36x20 . 55x12 ) - ( 480x9 . 19 1 ) -1058 . 34 
= 2646  f 4110.67  - 4411.68  - 1058.34  = 1286.65  in.  lbs. 

Mi 


- 34  • 14 


Ml 

t 


41.51 


Points  of  c ontra flexure : 


Mo  1058.34 
iR  s Hr  B 10.124 


104.54  in. 


Yt  = 12HL±/l44H~  " 24ML 
^ - 87.8  in. 


Y _ 104.54 

d " 180 


0.581 


ff  87.8 
d * 180 


0.488 


Span  40  ft.  Col,  height  26  ft. 

Total  height  of  structure  t = 26  4 10  * 36  ft. 

Normal  load  on  roof  segment  5.5902  x 0.7455  = 4.167  lbs. 

Class  I 

Case  A: 

Total  Horizontal  load  H = 26x1410x0.7455  = 33.455  lbs. 
dB  - 172,255  dG  sin  A = 82,855  x 0.4472  = 37,050 


. 


J:  85,579  x 3 = 

G:  82,855  x 5-jjr  = 

F:  71,451  x 5 * 

E:  52,068  x 5 * 

Q:  27,364  x 5 = 


See 

256  ,740 
455  ,700 
357,260 
260  ,340 
156  ,820 


Fig< 


70. 


38,300  x 2.084 
40,650  x 4.167 
41,275  x 4.167 
41,600  x 4.167 
41,050  x 2.084 


1,466,860 

1,466,860  4 680,100  = 2,146  ,960 


79  ,820 
169 ,390 
171,990 
173,350 
85,550 
680  ,100 


hR  = s 12.464  lbs.  Hl  = H - Hr  - 20.991  lbs. 

~ 0.346  * 0.585  = 0.373 


Case  B: 

Total  Vertical  load 


20x  0.7455  = 14.910  lbs. 


TT  26x1340.7455x22.36x22.80  _ 3384380.062  _ 17  „ 

Vr  s ~ 40 = lo -L”.952  lbs. 


VB 

-f  - 0.499 


VL  - Y ” VR  = -3.042  lbs.  1^.  = -0.0845 


Class  II 


Case  A: 


dg  = 44,707 


sin  A s 9136 
See  Fig.  75. 


J: 

21,997 

X 

3 

= 65,991 

J: 

9866 

X 

2.064  = 20 

,561 

G: 

20 ,430 

X 

= 112,365 

2: 

11226 

X 

4.167  * 46 

,779 

F: 

15  ,482 

X 

5 

= 77,410 

5: 

11611 

X 

4.167  - 48 

,385 

E: 

8 ,654 

X 

5 

= 43,270 

6: 

11786 

X 

4.167  = 49 

,112 

Q: 

2,607 

X 

5 

- 13,035 

7: 

11491 

X 

2.084  = 23 

,947 

312,071 

188 

,782 

312,071  4 188,782 

- 500,853 

% 

500  ,855 
- 44,707 

- s 

11.203  lbs. 

% 

= H - 

Hr  s 22.252  lbs. 

% 

- 0.311 

* 0.618 

hr 

H 

= 0.335 

Case  B: 


cL-g  ■ 382 ,023 


See  Fig.  79 


141,304  x 3 = 423,900 
85,123  x5-|  = 468,200 
47,882  x 5 = 239,400 
21,281  x 5 = 106,400 
5 ,320  x 5 = 26  ,600 

1,264,500 


J: 

2: 

3: 


63,000 

X 

2.084 

= 131,300 

116  ,000 

X 

4.167 

= 483,400 

169  ,000 

X 

4.167 

= 704,200 

222,000 

X 

4.167 

= 925,100 

275  ,000 

X 

2.084 

= 573,100 

2,817,100 

1,264,500  f 2,817,100  = 4,081,600 
VR  = %§§7o|§^  s 10.684  lbs.  YL  * V - Vtd  = 4.226  lbs. 
^ = 0.297 


IV 


z 0.117 


Case  C: 


J: 

G: 

P: 

E: 

Q: 


aR  /A  ^ — 3c52.ll 


91.86  x 3 = 275,58 
85.91  x 5^  8 472.51 
65.32  x 5 = 326.60 
36.58  x 5 « 182.90 
11.03  x 5 = 55.15 


Iq.  sin  A ~ 38.42 


J: 

2: 

3: 

6: 

7: 


See  Pig.  85. 

41.17  x 2.084 
46.32  x 4.167 
47.42  x 4.167 
47.72  x 4.167 
46.30  x 2.084 


M 


R 


1312.74 

1312.74  4 771.76  - 2084.50 

1506.37  in.  lbs. 


85.80 

193.02 

197.60 

198.85 

96.49 

771.76 


240x2084.50  500  ,280.00  . 

= 332.11  s 332.11 


ML  - £ra  - 480VR  - MR 

i ( 26x13x12 ) 4 ( 0 . 7455x22 . 36x22 . 
= 4056  4 4560.74  - 5128.32  - 

= 41.84 


80x12) -(480x10.684 ) -1506. 37 
1506.37  s 1982.05  in.  lbs. 


M- 


55.06 


Points  of  Contraflexure : 

= |g  - TTTti  = 134*46  ia- 

¥ - 0-560 


Yl  = lEHLtYl44H|  - 
— 113.0 


4-  = rv  /7-1 

a 240  * 


m. 


02  <£>  feJ  ^ Q 


Col,  height  51  ft 


Span  40  ft. 


Total  height  of  structure  t s 31  f 10  = 41  ft. 
Normal  load  on  roof  segment  5.5902  x 0.7455  * 4.1G7  lbs. 


Glass  I 


Case  A: 

Total  Horizontal  load  H = 31x1 f 10  x 0.7455  - 38.455  lbs 


dB 

- 135,181 

1G 

sin  A = 63 

,724x0.4472  = 28.500 

See  Fig.  71. 

J: 

66  ,953 

X 

3 

= 200,860 

G: 

63,724 

X 

5i 

= 350,480 

J: 

30,000  x 2.084  = 62,520 

F: 

56,817 

X 

5 

- 204,080 

2: 

32,750  x 4.167  ~ 136,470 

E; 

46  ,013 

X 

5 

= 230,090 

3: 

33,450  x 4.167  = 139  ,390 

Q: 

32,501 

X 

5 

= 161 ,510 

6: 

33,900  x 4.167  = 141,260 

Q • 

o . 

16  ,637 

X 

5 

3 33,190 

1,310,210 

rt  . 

/ . 

33.230  x 2.084  = 59,250 

548  ,899 

1 ,310,210 

I 548,890  * 

1,859  ,100 

1.859  .100 

Hr  = *~IsI  s 13.753  lbs.  HL  = H - Hr  = 24.702  lbs. 

^ = 0.335  ^ ;°*602  H - °-35B 


Case  B: 

Total  Vertical  load 


V * 20  x 0.7455  = 14.910, lbs. 

31x15 . 54*0  • 7455x22 . 36x25  • 05  480.5  1 417.568  .....  _ _ 

Vr  = J~ - — lo = 22.452  lbs. 


V0  Vt.  * V — Vj>  ■ “7.542  lbs. 

= 0.548  L “ 


Vj 

t 


-0.184 


Class  II. 


d&  sin  A * 7033 
See  Fig.  76 


Case  A: 

&B  - 35  ,685 


16. 


J 

17,458 

X 

3 

= 

53,374 

G 

15.727 

X 

p. 

- 

86  ,496 

J 

7813 

x 2.084  = 

16  ,282 

F 

12,660 

X 

5 

i 

63,300 

2 

9323 

x 4.167  - 

38  ,849 

E 

8 ,581 

X 

5 

— 

42,905 

3 

9755 

x 4.167  = 

40  ,641 

Q 

4,462 

X 

5 

S 

22, ao 

6 

9913.  x 4.167  = 

41,55  7 

S 

1,278 

X 

5 

55 

6 ,590 
273,777 

7 

9673 

x 2.084  = 

20,160 
157  ,489 

275,777  f 157,489  = 431,266 

tt„  431,266 

^ = 35,685  * 12.085  Ids.  £l  = E - % = 26.370  lbs. 

2§  = 0.295  ^ » 0.643  * 0.314 

Case  B: 

dB  = 175,594  See  Fig.  80. 


J 

73,868 

X 

3 

- 

221,600 

G 

48,649 

X 

5% 

s 

267,600 

F 

31,155 

X 

5 

= 

155  ,600 

E 

17  ,513 

X 

5 

- 

87  ,600 

'■V 

7,783 

X 

5 

= 

38  ,900 

S 

1,946 

X 

5 

m 

9 ,700 

781,000 


J 

2 

3 

6 

7 


32.500 
58  ,000 

82.500 
107,000 
131,500 


x 2.084  * 67,700 

x 4.167  = 241,700 
x 4.167  = 343  , 300 
x 4.167  = 445,900 
x 2.084  = 274,000 
1.373  ,100 


781,000  f 1,375,100  = 2,154,100 

VR  = -g->154 ,100  _ 12.268  lbs.  YL  = Y - YR  = 2.642  lbs. 
1 7 5 , jd  9 4 

= 0.299  ^ = 0.0644 


0 0 0 0 P • 

djr  s 196.29 

J:  54.76  x 3 = 164.28 

G:  49.83  x &|  «.  274.06 

F:  40.33  x 5 = 201.65 

E:  27.44  x 5 =137.20 

Q:  14.31  x 5 = 71.55 

S:  4.10  x 5 = 20.50 

869.24 

869.24  f 478.88 

_ 300x1348.12  _ 404,436.00 
MR  ” 196.29  = 196.29 


dr.  sin  A = 22.28 
J See  Fig.  86. 


J: 

24.53 

X 

2.084 

51.12 

2: 

28.75 

X 

4.167 

= 

119.80 

3: 

29.68 

X 

4.167 

s 

125. SB 

6: 

29.93 

X 

4.167 

— 

124.72 

7: 

28.58 

X 

2.084 

= 

59.56 

478.88 

= 1,348 

.12 

= 2060. 

40  in 

. lbs . 

‘ * 


- 2>a  - 480  yh  - Mg 

* ( 51x15 . 5x12 ) f ( 0 . 7455x22 . 36x25 . 05x12 ) - ( 480x12 . 268 ) -2060 . 40 
= 5766  * 5010.82  - 5888.64  -2060.40  = 2827.78  in.  lbs. 

^ = 49.77  f3*  = 68.97 


Points  of  Contra flexure: 


Mt?  2060.40 

YR  = ^ * '12'. "OSS 


Y 170.49 
d " “300 


0.568 


1 rtr \ 

X i 


49  in.  yk 


12HLtfl44H|  - 24IvIl 


= 137.2  in. 


Y . 137.2 
d " 300 


0.457 


18. 


Span  50  ft.  - Col.  height  16  ft. 


Total  height  of  structure  t z 16  f 12.5  = 28.5  ft. 
Normal  load  on  roof  segment  6.9373  x 0.7455  = 5.209  lbs. 


Class  I. 


Case  A: 

Total  Horizontal  load  H=  16x14-12.5x0.7455  = 25.319  lbs. 

d-r,  = 29  .654  d~  sin  i = 13,300  x 0.4472  = 5950 

1:5  u See  Fig.  88. 


J: 

6510  x 2. 

.605 

= 16 

,960 

2: 

7730  x 5. 

,209 

= 40 

,270 

J: 

14,470 

X 

3 

= 43 

,410 

r*  m 

t J l 

8080  x 5, 

.209 

= 42 

,09  0 

0: 

13,300 

X 

5* 

= 73 

,150 

6: 

8230  x 5. 

.209 

= 42 

,370 

F: 

7,980 

X 

5 

» 39 

,900 

7: 

7900  x 2, 

.605 

= 20 

,580 

156 

,460 

162 

,770 

156  ,460 

4- 

162, 

770  = 

319  ,230 

SR  = 

319  , 
29 

230 

,654 

: 10.765 

lbs. 

% 

H - HH  8 

■ 14 

.554 

lbs . 

V- 

0 

.378 

0. 

511- 

Ik 

H 

* 0.425 

Case  3: 

Total  Ver 

tical 

load 

V 

= 25 

x 0. 

7455  = 18 

.638 

lbs. 

VR 

16x84- 

0 

.74 

55x27 

.95x21 

.20 

128  4- 

441.738 

-IQ  R 

— 

5D 

50 

- XX 

• OzJ  tJ 

lUv)  • 

• 0 . 400 

V - VR 

s 

7.243  lbs 

IL  _ 0.254 

Class  II 


Case  A: 

dB  = 8,369  dG  sin  A = 3,175x0.4472  = 1420 

See  Fig.  93 


. 


, > 


% 


8o. 


Mj,  " 600VR  “ % 

= f 16x3x12 ) MO  • 7455x27 .95x21 . 20x12 ) - ( 6 0x8 . 660 ) -782 . 59 
= 1536  f 5300.86  - 5196.00  - 782.59  - 858.27  in.  15s. 

= 27.46  % = 30.11 


Points  of  Contraflexure : 


Mr 


782.59 


"^R  “ ^ = TjD.851  * 7o.l.,  in,  y^  - 12H2,lfl44H;[J  - 24Mjj  = 76.1  in. 
0.601  T ■ %l  - 0.634 


Y 72.12 
d " 120 


( 


Span  50  ft 


■ ol.  height  21  ft . 


Total  height  of  structure  t = 21  4-  12.5  * 33.5  ft. 
normal  load  on  roof  segment  6.9878  x 0.7455  3 >.209  lbs. 


Class  1 


Case  A:  (Pig.  87) 

Total  Horizontal  load  H - 21xlfl2.5x0 • 74o5  • 30.319  lbs. 


d3 

- 78,455 

dg  sin  A s 37  ,291 

x 0.4472 

= 16, 

580 

See  Pig. 

89. 

J: 

17,400  x 

2.605 

- 

45 ,530 

J: 

38  ,800  x 

3 

S 

116,400  2: 

13,950  x 

5.209 

- 

98 ,710 

G: 

37,291  x 

5-g 

= 

205,100  3: 

19 ,380  x 

5.209 

m 

100,950 

P: 

29  ,294  X 

5 

'S£ 

146,470  6: 

19 ,600  x 

5 . 209 

2 

102  ,100 

E: 

15  ,977  x 

£ 

m 

>79  ,390  7: 

19 ,200  x 

2 . 605 

afr 

50,020 

547  ,860 

397  ,110 

547,860  f 397,110  = 944 

,970 

81. 


Hr  = 94V6\|S5  * 12.045  15s.  Hr  „ H - Hr  = 18.274  l'os 


Sf- 


0 . 560 


^ r 0.546 


= 0.397 


C s s 0 j3  * 

Total  Vertical  load  V = 25  x 0.7455  = 18.658  11s. 

21x10. 5f 0.7455x27.95x23.45  _ 220.5  f 488.621  _ 14..trp.  ihs 
s = 50  ‘ ’ “ 50  “ 


^ - 0.423 


VL  = V - VH  = 4.456  lbs 


0.135 


Class  II 


Case  A:  (Fig.  92) 
clB  = 20,639 


d Q sin  A = 9103  x 0.4472  = 4070 
See  Fig.  94 


J 

4500 

X 

£.605 

= 11,720 

J: 

10  ,016 

X 

3 = 30 ,050 

p 

5480 

X 

5.209 

= 28,550 

G: 

9 ,103 

X 

5i  * 50,070 

3 

5760 

X 

5.209 

= 50,000 

F: 

5 ,820 

5 = 29  ,100 

6 

5890 

X 

5.209 

= 30,680 

3: 

1,900 

X 

5 = 9 ,500 

118  ,720 

7 

5685 

X 

2.605 

= 14,810 
115  ,760 

118,720  f 115,760  = 234,480 
He  = S!o  |639  * 11-361  11)8.  Hi  = E - Hr  = 18.958  11s. 
2|  = 0.339  = 0.566  % • 0.375 


Case  B: 


a3  * 460,907  See  Fig.  98  and  101 


J 

52 

,000 

X 

2.605 

= 135,500 

J: 

114 

,118 

X 

3 = 342,400 

2 

117 

,000 

X 

5.209 

=•  609  ,500 

G: 

59 

,852 

X 

5|-~  529  ,200 

3 

130 

,000 

x 

5.209 

= 937,600 

F: 

26 

,601 

X 

5^"*  133,000 

5 

243 

,000 

X 

5 . 209 

=1265 ,300 

J?  . 

— s • 

6 

,650 

-vr 

5 = 33,200 

837 ,800 

n 

( 

309 

,000 

X 

2.505 

= 804,900 
3,753,500 

837,800  l 3,753,300  = 4,591,100 


Lb  ^ Q c_t 


9.961  lbs 


Yr  z 


4,591 ,100 
460  ,907 


= 0.297 


Vr  = V - Vr  = 8.677  lbs. 

XL  * 0.259 
TJ 


Case  C:  (Fig.  102) 

dz  f A4  = 193.77 


54.24  x 3 ^ 162.72 

49.66  x 5|i-  = 273.13 

21.84  x 5 -a  159.20 

10.40  x 5 - 52.00 

£47705 


dp  sin  A = 22.21 

See  Fig.  104. 


24.36  x 2.605  - 63.46 

29.11  x 5.209  - 151.63 

30.36  x 5.209  s 158.15 

30.81  x 5.209  = 160.48 
29.41  x 2.605  = 76.61 

610.33 


647.05  4-  610.33  = 1,257.38 

180  x 1257.38  226,328.40  ngp  tv,0 

Jfe  - T93.T7 — = ±9ZTtT  = 116y*^  ltu±bs* 

Ml  = 2^Fd  - 600Vr  - Mr 

= f 21x10 . 5x12 ) f ( 0 . 7455x27 .95x23 . 45x12 ) - ( 600x9 . 61 ) -1168 . 03 
= 2646  J-  5863.45  - 5976.60  - 1168.03  = 1364.82  in.  lbs. 


II 


9 34.87 


% 

T = 4U.74 


Points  of  Contraflexure : 

102.81  in. 


v Mr  1168.03 

if?  2 


Y 

d 


Hr  " 11.361 

102.31 


180 


- 0.571 


Yt  = 12H1[144H^  - 24  Mr 

JJ  I u XI 

= 89.8  in. 

' _ 89*8  - 0.498 
cT  " 180 


Span  50  ft.  - Col,  height  26  ft. 


Total  height  of  structure  t - 26  f 12.5  = 38.5  ft. 
Hormal  load  on  roof  segment  6987  x 0.7544  = 5.209  lbs. 


83. 


Class 


Case  A: 

Total  lorisontal  load 


H = 26x14-12.5  x 0.7455  - 35.519  11) s 


d^  s 164,564 


d~  Sin  A = 79,936  x 0.4472  = 55,750 
See  Rig.  90. 


81,784  x 3 — 245,350 

79  ,936  x 5§-  = 439,650 
69,262  x 5 = 346,310 

50,608  x 5 = 253,040 

26,634  x 5 s 133,170 
1417  ,520 


36,610  x 2.605  - 95,370 
38,500  x 5.209  = 200,550 
39,050  x 5.209  = 205,410 
39,290  x 5.209  = 204,660 
38,780  x 2.605  ® 101,020 

805  ,010 


1,417,520  4 805,010  = 2,222,530 

2 222  530 

HK  * “'l64!564  s 13*506  lbs.  Hi.  = H - HR  a 21.813  lbs. 


= 0.551 
t 


Hi  = H - He 
0.567  H' 


* 0.382 


qQS0  ^ • 

Total  Vertical  load  V = 25  x 0.7455  **  18.638  lbs. 


Vr 


_ 26x134-0 . 7455x27 ,95x25 . 60  358  f 533.420  _ 17g428  lbSi 


* 0.453 


50  ’ - 50 

Vj,  « y _ Yp,  = 1.210  lbs 

Class  II 


= 0.0315 


Case  A: 


dB  - 

42 

,234 

dG  sin  A 

= 19  ,696  x 0.4472  - 8808 
See  Rig.  95 

J: 

20,778 

X 

3 = 

62,330 

J 

9 ,308  x 2.605 

5S 

24,250 

G: 

19  ,696 

X 

Kl  = 
d2 

108,33  0 

2 

10,473  x 5.209 

- 

54  ,550 

J-  » 

15 ,069 

X 

5 = 

75  ,340 

3 

10,308  x 5.209 

- 

56  ,300 

S: 

8,471 

X 

5 = 

42,360 

6 

10,953  x 5.209 

= 

57  ,050 

Q: 

2,561 

X 

5 * 

12,800 
301 ,160 

7 

10,683  x 2.605 

— 

27  ,830 
219  ,980 

301,160  4-  219  ,980  = 521,140 


84. 


Hr  = yHQ-g  12.339  lbs.  Hl  b H - Hr 


22.980  lbs. 


42 ,234 


r 0.320 


Ht 


= 0.597 


Ht 


g = 0.349 


Case  B: 


dB  * 59  3,912 


See  Pig.  99. 


J: 

176  ,631  x 3 - 529  ,900 

J: 

73  ,000 

x 2.605 

= 203 

,200 

0: 

106  ,404  x 5-J-  = 585  ,2)0 

2: 

162,000 

x 5.209 

= 843 

,900 

P: 

59  ,852  x 5~  = 299  ,300 

3: 

245  ,000 

x 5.209 

= 1276 

,200 

E: 

26,601  x 5 = 133,000 

6 ; 

330  ,000 

x 5.209 

= 1719 

,000 

6 , 65  0 x 5 = 33,200 

7: 

415  ,000 

x 2.635 

= 1031 

,100 

1,580,600 

5,123 

,400 

1,580,600  f 5 

,125,400 

= 6 ,704 

,000 

6 ,704,000 

VL  - 

V - V-r  ■ 

- 7.350 

lbs . 

593,912  s 1;L*28B  lbs» 

JJ 

— ^ a 0.293 

~T 

= 0.191 

Case  C 


J 

C- 


+ A4 

= 325.81 

sin  A - 38.07 

Bee  Pig.  105 

89.42  x 

r? 

0 

= 268.26 

J:  40.02 

~v7* 

2.605 

= 104.25 

85,14  x 

kJL 

•O 

= 468.27 

2:  44.52 

-er 

5 . 209 

— 231.90 

65.28  x 

5 

= 326.40 

3:  45.67 

5 . 209 

= S3  7.90 

36.74  x 

5 

- 133.70 

6:  46.02 

X 

5 . 209 

= 239.72 

11.12  x 

5 

- 55.60 

7;  44.67 

X 

2.605 

= 116.37 

1 , 302 • 33 

930.14 

1,302.23 

b 930.14  = 2,232.37 

.240x2 ,232.37  _ 535, 


758.80 


lvI®  s 325.8  = 225 VsT  * 1644 • 42  in*  11} 3 ♦ 

Mi  = Zpd  ” 600Va  ~ MH 

= ( 26x13x12 } + ( 0 . 7455x27  .95x25 . 60x12 ) - f 600*11 . 288 ) -1644 .4  2 
- 4056  i 6401.04  - 6772.80  - 1644.42  = 2039.82  in.  lbs. 


Mf  = 


42.71 


M- 


m T 

if*  = 52.93 


v . 


Points  of  Contraflexure : 


_ Lb  1644.42 
Yr  = = - 


12.339 

133.27 


Y 

cT  “ 240 


r 133.27  in. 
= 0.555 


Yt  I 12Ht  tj  144H?  - 241^=111.6  in. 


Y 111.6  _ n ... 
d r — 40_  ' °*465 


Span  50  ft.  - Col,  height  31  ft. 


Total  height  of  structure  t=  31  4-  12.5  = 43.5  ft. 
formal  load  on  roof  segment  6. 9878  x 0.7455  = 5.209  lbs. 


Class  I 


0 Q S © * 

Total  Horizontal  load  H = 31x1 f 12.5x0 . 7455  = 40.319 


d-g  = 124,285 


dQ  sin  A = 59,387x0.4472  = 26,660 
See  Pig.  91. 


J 

61,575 

X 

3 

= 184,720 

G 

59  ,387 

X 

FUL 

= 326,630 

J: 

27  ,560 

X 

2.605 

= 

71,790 

P 

53  ,347 

X 

5 

= 266  ,740 

2: 

29  ,840 

X 

5.209 

- 

155  ,440 

E 

43  ,415 

X 

5 

= 217,080 

3: 

30  ,460 

X 

5.209 

= 

158  ,670 

Q 

30  ,565 

X 

5 

= 152,820 

6: 

30,730 

X 

5.209 

= 

160  ,070 

S 

15  ,769 

X 

5 

= 78 ,840 

7: 

30,160 

X 

2.605 

- 

78  ,570 

1,226,830 

624  ,540 

1,226  ,830  f 624,540  = 1,851,370 
Hr  - *124  *28  5 = 14.896  lhs.  Hr  = H - Hr  ~ £5.423  lbs. 


H- 


Is  - 0.342  ft  = 0.584 


Case  B: 

Total  Vertical  load 


H ]i  - 0.369 
H 


V = 25x0.7455  = 18.638  lbs. 


31x15.54  0.7455x27.95x27.90  480.5  4 581.344  _ _ 

VH  = " 50 = gQ = 21.237  It 


0.488  Vl  = V - Vr  = -2.599  lbs.  Ih  - 

t 


DS 


la 

t 


-0.0597 


86. 


Class  II. 


Case  A : 


&3  r 

32  ,589 

dG 

sin  A = 14 

,720x0.4472  = 6580 

See 

Pig.  96. 

J:  15 ,9£9 

x 3 

- 

47  ,790 

G:  14,720 

x 5-§- 

- 

80  ,960 

J: 

7130  x 2.605  = 18,570 

P:  12,015 

x 5 

= 

60  ,080 

2: 

8440  x 5.209  = 43,960 

E:  8,218 

x 5 

— 

41 ,090 

3: 

8830  x 5.209  = 46,000 

Q:  4,301 

x 5 

— 

21 ,500 

6: 

9000  x 5.209  = 46,880 

S:  1,237 

x 5 

6 ,180 

7: 

8720  x 2.605  = 22,720 

257,600 

178  ,130 

£57  ,600  4 178,130  = 435,730 


TT  435,730 

” 32 ,589 

= 13.370  lbs. 

H1  = E " Hr  = 26.949  lbs. 

r 0.307 

^ = 0.620 

|[tt  = 0.332 

Case  B: 

dB  r 

271 ,377- 

See  Pig. 

100. 

J 

92,335 

x 3 = 277,000 

G 

60  ,811 

x 5i  - 334,500 

J: 

42  ,000  x 

2.605 

= 109,400 

P 

38  ,919 

x 5 = 194,600 

2: 

80,000  x 

5.209 

» 416,700 

E 

21,892 

x 5 = 109,500 

3: 

118,000  x 

5.209 

= 614  ,700 

Q 

9 ,730 

x 5 * 48 ,600 

6: 

157,000  x 

5.209 

= 817,800 

s 

2,432 

x 5 = 12,200 

7: 

196,000  x 

2.605 

- 510,600 

976  ,400 

2,469  ,200 

976,400  4 2 

,469  ,200 

= 3,445  ,600 

Yp  _ 3,445 
K “ 271, 

= 12.697  lbs. 

= 

V - Vh  » 5.941  lb 

s . 

ii 

0.292 

• 

o 

it 

>r 

137 

Case  C: 

dK  4 A4 

190.97 

dg  sin  A = 21. 

82 

See 

Pig.  106. 

J 

52.44  x 3 

- 

157.32 

Gr 

48.79  x 5i 

268.34 

J: 

23.52  x .2.605 

= 

61.27 

P 

39.97  x 5 

— 

199.85 

2: 

27.32  x 5.209 

- 

142.31 

E 

27.40  x 5 

- 

137.00 

3: 

28.27  x 5.209 

= 

147.26 

Q 

14.37  x 5 

= 

71.85 

6: 

28.52  x 5.209 

s 

148.56 

S 

4.14  x 5 

— 

20.70 

7: 

27.22  x 2.605 

T 

70.91 

"85F.06 

570.31 

87. 


855.06  4 570.31  = 1,425.37 

300x1425.37  . 427,611.00  c -,v„ 

Mr  t 19079? 190797 2259*10  in-  lbs* 

~ 690Y|j  - Mr 

=(31xl5.5xl2)f (0.7455x27.95x27. 90x12) -(600x12.697) -2239.15 
= 5766  * 6976.13  - 7618.20  - 2239.15  = 2884.78  in.  lbs. 


* 51.47 


ML  - 66.32 
t 


Points  of  Contraflexure: 


•R 


2239.15 

13.370 


167.48  in. 


Y _ 167^48  =0i55S 
d * 300 


Yl  = 12Hr -]  144H2  - 24M  r 135. 8in, 
135.8 


Y 

I * 


300 


L 

0.452 


Span  60  ft.  - Col*  height  16  ft 


Total  height  of  structure  t s 16  & 15  * 31  ft. 
Normal  load  on  roof  segment  8.385  x 0.7455  * 6.251  lbs. 


Class  I 


Case  A: 

Total  Horizontal  load 
dB  .=  28,327  dG 


J:  13,822  x 3 * 41,470 

G:  12,895  x 5£  = 70  ,920 

F:  7,778  x 5 = 38,890 

151 ,280 


H = 16x1+15x0.7455  = 27,182  lb 

sin  A = 12,895x0.4472  = 5770 
See  Fig.  108. 

J:  6210  x 3.126  - 19,410 

2:  7490  x 6.251  - 46,820 

3:;  7660  x 6.251  = 47,880 

6:  -*  7820  x 6.251  - 48  ,880 
7:  7570  x 3.126  • 23,660 

186  ,650 


151,280  + 186,650  = 337,930 


337,930 
“"28  ,327 


= 11.930  lbs. 


Hr  - H - HR  » 15.252  lbs. 


- 0.585  ^ = 0.492 


» 0.439 


Case  B: 

Total  Vertical  load  V = 30x0.7455  s 22.365  lbs. 

^ _ 16x8+0.7455x33.54x23.90  _ 128+597.598  0 nn* 

Vr  s = cn- = 12.093  Ids 


^ * 0.390 


VI  “ V = Vr  = 10.272  lbs. 


VL 

“T 


0.331 


Case  A: 

ds  - 7,868 


Class  II. 


dQ  sin  A ~ 3073  x 0.4472  * 1374 
See  Fig.  113. 


r 


. . 

; 

' • 


3668  x 3 = 
3075  x 5i  = 
1212  x 5 = 


11,000 
16  ,900 
6,060 


1649  x 3.126  - 5,150 
2424  x 6.251  =15,150 
2674  x 6.251  -16  ,720 
2799  x 6.251  -17  ,500 
2664  x 3.126  - 8,330 
62  ,850 


33,960 

33,960  f 62,850  = 96  ,810 

Hr  : = 12.304  lbs.  HL  = H - Hg  - 14.878  lbs, 

= 0.397  ^ = 0.480  = 0.453 


Case  B: 

dB  = 469  ,954 


77  ,888  x 3 
31,921  x 5i 
7,980  x 5 


See  Fig. 117 


J: 

32  ,000 

X 

3.126 

- 

100  ,000 

2: 

9 7 ,000 

X 

6.251 

= 

606  ,300 

233,700 

3: 

163  ,000 

X 

6.251 

S 

1018  ,900 

175,600 

6: 

229  ,000 

X 

6.251 

= 

1431,5  00 

39  ,900 

7: 

294  ,000 

X 

3.126 

919,000 

4,075,700 


- 4 ,5 24  ,900  g coo 
“ 469  ,954  lDb* 


449  ,200 

449  ,200  f 4,075,700  = 4,524,900 

Vi  * V - Vr  = 12.7&7  lbs, 


s 0.311 


r 0.411 


Case  C: 


*^4  s 95.50 


27.12  x 3 
22.97  x 
9.09  x 5 


H- 


81.36 

126.33 

45.45 


d(j  si n A - 10.27 
See  Pig.  123 


12.  14  x 3.126 
17.37  x 6.251 
18.95  x 6.251 
19.50  x 6.251 
18.27  x 3.126 


253.14 

253.14  f 443.99  = 697.13 

_ 120x697.13  _ 83,655.60 
= 95.50  * 95.  50 


37.95 

108.58 

118.46 

121.89 

57.11 

443.99 


875.97  in.  lbs 


- 


i 


- 

- 

. 

- 


I 


. 
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Case  C:  (Pig.  122) 


dtr  4-3W  * 191.18 

dG 

sin  A - 

22.23 

See 

Pig.  124. 

J 

23.98 

x 3.126  * 

74.96 

J: 

53.49  x 3 

= 160.47 

2 

28.63 

x 6.251  = 

178.97 

G: 

49.72  x 5^- 

= 273.46 

3 

29.98 

x 6.251  « 

187.40 

P: 

32.07  x 5 

= 160.35 

6 

30.43 

x 6.251  * 

190.22 

S: 

10.51  x 5 

- 52.55 

7 

29.38 

x 3.126  = 

91.84 

646.83 

723.39 

Mr 


646.83  * 723.39  = 1,370.22 
1^0x1370^22  a 246,639.60_  = lg90#09  in.  lbs. 


191.18 


mL  *Zpd  ~ ?20Yr  - Mr  ' 

= ( 21x10 . 5x12 ) 1 ( 0 . 7455x33 . 54x26 . 15x12 ) - ( 720x10 . 812 ) -1290  £ 9 
= 2646  + 7846.28  - 7784.64  - 1290.09  = 1417.55  in.  lbs. 


JJL  r.  39.38 

■G 


Points  of  Contraflexure : 


Hp  _ 1290.09 
YR  = Hr  " 12.491 


103.28  in. 


YL  = 12  - £4IviL 

s 89.0  in. 


Y 103.28 

d s 180 


0.574 


Y _ 89.0 

a " 180 


0.494 


Span  60  ft.  - Col,  height  26  ft. 


Total  height  of  structure  t - 26  4-  15  - 41  ft. 

Hormal  load  on  ro  of  segment  8.385  x 0.7455  =•  6.251  lbs. 


Class  I 


Case  A: 

Total  Horizontal  load  H = 26xlf 15x0. 7455  = 37.182  lbs. 

d(j  sin  A = 78  ,646  x 0.4472  = 35,170 
See  Pig.  110. 


aB  * 161,137 


^3. 


J: 

80  ,107 

X 

3 - 240 ,320 

J: 

35  ,850 

X 

3.126 

112  ,070 

G: 

78  ,646 

X 

5-|-  = 432,550 

2: 

37,570 

X 

6.251 

s 

234,850 

F: 

68,295 

X 

5 = 341,470 

3: 

38  ,090 

X 

6.251 

= 

238  ,100 

E: 

49  ,963 

X 

5 = 249  ,810 

6: 

38  ,350 

X 

6.251 

= 

239  ,730 

Q: 

26,312 

X 

5 = 131,560 

7: 

37  ,940 

X 

3.126 

118  ,600 

1,3,95  ,710 

943,350 

1 ,395  ,710  * 943,350  = 2,339  ,060 


Hr  * "l’f'f9 1 37~  “ 1^*516  lbs.  HI  * H - Hr  . 22.666  lbs. 

- 0.354  |L  r 0.553  - 0.390 

Case  B: 

Total  Vertical  load  V » 30x0.7455  = 22.365  lbs. 

TT  26x134-0. 7455x33. 54x28. 40  _ 338  4-  710.116  _ 

Yr  „ = = 17.469  lbs. 

= 0.426  Vi  = V - VE  - 4.896  lbs.  = 0.119 


Class 

II 

Case 

A : 

dB  « 

41,103  dG 

sin  A 

= 19  ,363 

x 0.4472  = 8660 

See  Fig. 

115 

J : 

20  ,225 

X 

3 = 60,670 

J: 

9 ,060  x 

3.126 

= 28,320 

G: 

19 ,363 

X 

5^=106  ,500 

2: 

10,120  x 

6.251 

= 63,260 

F: 

14,882 

X 

5 = 74,410 

3: 

10  ,450  x 

6.251 

= 65,320 

E: 

8 ,38  7 

X 

5 = 41,930 

6: 

10  ,580  x 

6.251 

= 66,140 

Q: 

2,540 

X 

5 = 12,700 

7: 

10,345  x 

3.126 

* 32,340 

296,210 

255  ,380 

296,210  f 255,380  = 551,590 

Hl  * H - Hr  = 23.762 


% - = 13*4H0  lbs- 


2& 

t 


0.327 


¥ 


0.580 


H 


* 0.361 


Case  B: 


a 


B 


853,009 


See  Fig.  119 


w. 


J: 

211,957 

X 

3 

=■  635  ,900 

J: 

95  ,000 

X 

3.126 

m 

297  ,000 

G: 

127  ,685 

X 

BJ- 

= 702,300 

2: 

. 215  ,000 

X 

6.251 

■ 

1 ,344 ,000 

F:. 

71,823 

X 

5 

= 359,100 

3: 

335  ,000 

X 

6.251 

= 

2,094,100 

E: 

31,921 

X 

5 

= 159,600 

6: 

460  ,000 

X 

6.251 

- 

2,875,500 

Q: 

7 ,980 

X 

5 

= 39  ,900 

7: 

582,000 

X 

3.126 

s 

1,819  ,300 

1,896,800 

8 ,429  ,900 

1,896,800  f 8,429,900  * 10,326,700 


Yr  = '^35Q§9'7'Q~Q'  = 12-106  lbs.  VI  « V - VR  s 10.259  lbs. 


= 0.295 


= 0.250 


Case  C: 


* 

A A.  : 

: 322.78 

<1q  sin  A = 

37.90 

See  Pig. 

125. 

J: 

88.22 

X 

3 

= 264.66 

J:  39.52  x 

3.126 

s 

123.54 

G: 

84.75 

X 

5J- 

= 466.12 

2:  43.69  x 

6.251 

m 

273.11 

F: 

65.23 

X 

5 

= 326.15 

3:  44.75  x 

6.251 

s 

279.73 

E: 

36.80 

X 

5 

= 184.00 

6:  45.05  x 

6.251 

s 

281.61 

Q: 

11.15 

X 

5 

« 55.75 

7:  43.93  x 

3.126 

s 

137.33 

1296.68 

1095.32 

1296.68  4 

1095.32  =■  2392.00 

Mr  r 


240x2392.00 

322.78 


574*080 ,00  _ 

322.78  ^778.55 


in.  lbs. 


% = Z>4  - 720Vr  - Ma 

*(26x15x12) 4.  (0.7455x33. 54x28. 40x12)- (720x12. 106) -1778. 55 
= 4056  4-  8521.39  - 8716.32  - 1778.55  = 2082.52  in.  lbs. 


50.79 


Points  of  C ontr a flexure : 

_ Mp  1778.55  _ „„ 

Yr  = Tb|  * TJ.T20  = 152.53  in 


Yl  t 12Hi/l44H?  - 24M, 

S 109.0  in. 


Y _ 132.53 
* 240 


0.558 


Y _ 109.0 
S 240“ 


0.454 


. 

■ 

. 

. 

, 

• 

• 

. 

. 

• 

. 

* 

« 

• 

. 

. 

. 

. 

. 

. 

• 

. c 

« 

. 

* 

. 


. 


♦ d • 


. 


■ - 


^5. 


Span  60  ft.  - Col,  height  51  ft. 


Total  height  of  structure 
Normal  load  on  roof  segment 


t = 31  f 15 
8.385  x 0.7455  = 


= 46  ft. 
6.251  lbs. 


C3a  ss  I 


Case  A: 

Total  Horizontal  load  H = 31xlf  15x0.7455  = 42.182  lbs. 


J: 

G: 

F: 

E: 

Q: 

S: 


r 119,448  d^ 

59,203  x 3 * 177,610 

57,474  x 5i  = 316,110 

51,817  x 5 = 259,080 

42,268  x 5 — — 211,340 

29,674  x 5 « 148,370 

15,387  x 5 * 76,930 

1189  ,440 


sin  A • 57,474x0.4472  = 
See  Mg.  Ill 
J 

J:  26,500  x 3.126 

2:  28,550  x 6.251 

3:  29  ,140  x 6.251 

6:  29,420  x 6.251 

7:  28,980  x 3.126 


25,700 


« 82  ,840 

= 178,470 

* 182,150 

* 183,900 

«=  90,590 

717  ,950 


1189,440  4 717,950  « 1,907,390 

tj  1,907,390 

R “ 119  ,448  * 15,968  lbs*  Hl  s H - % . 26.214  lbs. 

* 0.347  ^ » 0.570  * 0.379 


Case  B: 

Total  Vertical  load  V » 30x0.7455  - 22.565  lbs. 

Vt>  - ^1^15 .5^0.7455x33.54x30. 65  480.5  I 766.376 

K ~ 60  = = 20.781  lbs. 


^ = 0.462  Tl  _ v - VE  . 1.584  lbs.  V£  . o.0S44 


Class  II. 


Case  A: 

dB  =•  31,150  dQ  sin  A = 14*256  x 0.4472  = 6375 

See  Fig.  116. 


f 


« 


•• 

, . v ■- 

« 

* . 

, 

. 

* 

i 

. 

■ 

t 

• 

. 

. 

. 

. 

. 

e 

. 

, 

• 

' 


• : • a - - : ■ 


. 


. 


36, 


J: 

15,224  x 3 

= 45,670 

G: 

14,256  x 5%-  = 78,410 

J: 

6815 

x 3.126 

z 

21 ,300 

F: 

11,718  x 5 

- 58,590 

2: 

8015 

x 6.251 

2 

50  ,100 

E: 

8,051  x 5 

= 40,250 

3: 

8355 

x 6.251 

- 

52,230 

Q: 

4,227  x 5 

= 21,130 

6: 

8515 

x 6.251 

s 

53,230 

S: 

1,219  x 5 

= 6,090 

7: 

8235 

x 3.126 

z 

25  ,740 

250  ,140 

202  ,600 

250,140  f 202, 

600  = 452,740 

Hr 

452,740 

= 14.534  lbs 

“ 31,150 

it 

3 

H - Hg  = 27.648 

lbs. 

- 0.316 

|L  = 0.601 

SB-  * 
H 

0.345 

Case  B: 

&B  r 388,565 

J:  110,802  x 3 = 332,400 

G:  72,973  x 5£  * 401,400 

F:  46,703  x 5 a 233,500 

E:  26,270  x 5 - 131,300 

Q:  11,676  x 5 = 58,400 

S:  2,919  x '5  * 14,600 

1171 ,600 


See  Fig.  120. 


J: 

2: 

3: 

6: 

7: 


49,000  x 3.126 

107.000  x 6.251 

162.000  x 6.251 

218.000  x 6.251 

273.000  x 3.126 


= 153,200 

- 668 ,900 

= 1012,700 
* 1362,700 
“ 853,400 

4050,900 


1171,600  | 4050,900  - 5,222,500 


VR 


5,222,500 
388  ,565 


13.440  lbs. 


Vi  s Y - - 8.925  lbs. 


Vp 


0.292 


I It  = 0.194 


Case  C: 


% ^4  s 

188.27 

dQ  sin  A * 21.60 

See 

Fig.  126. 

J: 

51.31  x 3 = 

153.93 

Gs 

48.30  x 5-|-  = 

265.65 

J: 

23.00  x 3.126 

s 

71.90 

F: 

39.82  x 5 ® 

199.10 

2: 

26.55  x 6.251 

s 

165.96 

E: 

27.40  x 5 = 

137.00 

3: 

27.45  x 6.251 

X 

171.59 

Q: 

14.40  x 5 * 

72.00 

6: 

27.80  x 6.251 

z 

173.78 

S: 

4.16  x 5 - 

20.80 

7: 

26.77  x 3.126 

s 

83.03 

848.48 

666.91 

848.48  * 666.91  * 1515.39 


, 

• 

I 

tr„  _ 300  x 1515*39  _ 454,617*00 

Mk  * “155727 = I88.'g~~  s 2414-n  ln-  lbs- 

% =ZPd  ■ 720VB  - Mg 

= ( 31x15 . 5x12 ) f ( 0 . 7455x33 . 54x30 . 65x12 ) - ( 720x13 . 440 ) -2414 . 71 
= 5766  I-  9196.51  - 9676.80  - 2414*71  - 2871.00  in.  lbs. 

^ a 52.49  ^ « 62.41 


Points  of  Contr aflexnre ; 

yR  _ §R  - s 166.14  in. 

u Hr  14.534 

0.554 


Y 166.14 
J 9 300 


YL  - 12HJ,  ^Yi44Ht  - 24 


128.8  in. 


ML 


Y 

cL 


128.8 

300 


0.429 


' 


■ 


- 


Fig.  /¥. 


Fia . A5*. 


'CO 


/ 

-/'V  " 

3 

/a 

6 '-a"  1 

tm 

/s  ’-c " 

^ 

* ■> 

C/c/^JZ~  Case  p. 


% 


* 


\Scvn  30  — Cc/  36, 


/'/a. 


'S&an  3C  - Cc/ hat  a/' 
/ " ^ 

C/assJl " £ C, 


Span.  4C  ~~ 

C fa 33. 2 - C&je  fJ. 


^ Vi' 


£)jcon  '?£  ~ Ce/  he?-  £/. 

C/ct^sJT-'  £ 


<5  6. 

5pc?/i  4o  - 6>/. /tyfz  3/. 
C /a 53 JT~  Cc?je  C. 


s 


/ 


V 





f/Cf.  /&<?. 

'Spiff)  to  - 6c/.//at£/'. 
/ ^ 
C/a^sZ  'Case  /) 


n e 


,./*  t/90 


L 


/ /c  . //& 


% < ^ 


TflPLE  I 

5PflN  LFN6TH  FT. 


Section 

HHB 

1 

length  in  ins 

1 

A 

wm 

3 ar  e as  column 

7.  24 

72.  00 

9.  9448 

J 

i 

2 Is  2*  x 2t  X i V" 

2. 12 

75.  00 

oh.  o7  73 

G 

i 

■2.12 

103.  97 

4 9.. 04  24 

J 

2 

2 is  2 3/4  >:  2 3/4  x ? 

2.  62 

67.  0B 

25.  6031 

1 

2 

1 L 2i  x 2i  x * 

1.  06 

33.  54 

31. 6415 

2 

5 

2.  62 

67.  08 

25.  6031 

1 

3 

2.12 

75.  OC 

35.  3773 

1 

4 

. 

.2.12 

7o»  CO 

35.  3773 

0 

4 

2.12 

67.  08 

31.  6415 

3 

5 

All  uemoers  coring 

1.  06 

75.  00 

70. 7547 

4 

5 

1.  06 

75.  00 

70.  7547 

3 

6 

■the  same  area  have 

»*>  >»  n 

2.  . 

67.08 

25.  6031 

3 

6 

. >'  ■ . ■ ' tv  vi 

1.  06 

33.  54 

31.6415 

6. 

7 

the  same  section 

2.  62 

, 67.  08 

25.  6031 

5 

7 

1 . 06  ' 

75.  00 

70. 7547 

4 

8 

<>  TO 

.1 

180.00 

84.0057 

7 

9 v 

1.  06 

?o.  00 

70. 7547 

2.  62 

67.  08 

26.  6031 

1.06 

33.  54  ■ 

31. 6415 

2.  62 

67.  08 

25.  6031 

1.06 

75.00 

70. 7547 

. 

1.  06 

75.  00 

70. 7547 

8 

11 

' 

2.  12 

67.  08 

51 . 641 5 

6 

12 

2.12 

75. 00  , 

35. 3773 

U' 

12 

* ; n 

•0/'#  i. 

75.  00 

35.  3773 

11 

13 

2.  62 

67.08 

25.  0031 

mm 

1.  06 

uO*  0 4 

31.6415 

5rH 

2.  62 

67.  08 

25.  6031 

1 i 2 

K 

2.12 

103. 97 

49.  0424 

12 

L 

2.12 

75.  00 

35.3773 

K 

L 

7.  24 

72.00 

0.9448 

The  Columns  9 J end  3 L are  made  of  1 PI.  B x i and  4 U 3 x 2*  x 4 
v-ith  the  longer  leg  outstanding.  nhnent  of  inertia  of  the  .coiiiron 

emotion  .aitout  a vortical  axis  normal  to  tire,  -plane  of  the  truss  isfii.2 

inches.  4 r ■ i ,■  « " 1' 


' ill  .1 


>4 


+ 7.7331 
+20.1792 
+94.2375 
+99.  5428 
+99. 5428 
+50.9434 
+38.  2075 
+9.1142 
+25.4717 
+20.2773 
+20.2773 
+25.4717 
+15.2830 


+9.2167 
+9.  2167 


+18.4334 

+18.4334 


+9.  7641 
+1. 4321 


+ 605.  5137 


+7.  7331 
'42. 1131 
•94.2375 
■99.  5428 
■99.  5428 
•50.9434 
-70.  0471 
+9.1142 
■25.  4717 
-20.2773 
l20. 2733 
■25.4717 
■40.  7547 

+9.  2167 
+9.2167 


+18.4334 

+18.4334 


+20.3773 
+1.4321 
+ 705.  $853' 


40-2/ 


SPAN  40 


-33.  514 
+149. 646 
+238.  346 
-191.  895 
-191.  895 
+149.  292 
+183.  785 
- 59.328 
+148.  585 
-95.  884 
-95.  884 
+148.'5S5 
+263, 208 
+148.585 
-95. 884 
-95.  884 
+148.  585 
-59.  328 
+183.  785 
+149. 292 
-191.895 
-191. 895 
+238.  346 
+149. 646 
-33.  514 


-0.  9600 
+0.  9200 
+1. 386£ 
-2.1466 
-2.1466 
+1, 2000 
+1. 2000 
-0.  5367 
+0.  6000 
-1. 0733 
-1.0733 
+0.  6000 
+0.  6000 
+0.  6000 
-1.0733 
-1. Q733 
+0. 6000 
-0.5367 
+1. 2000 
+1. 2000 
-2.1466 
-2.1466 
+1. 3862 
+0.  9200 
-0.  9600 


+0.  6200 
+1. 3862 
-1.8112 
-1. 8112 
+1.2000 
+0.  9000 
-0.  5367 
+0.  6000 
-0.  7379 
-0.  7379 
+0.  6000 
+0.  3000 


+0. 3000 


0.  3354 
0. 3354 


inches 


-9.  5470 
+32.  5471 
+67.9826 
-54.9596 
-54.9596 
+42.4528 
+42.4528 
-16.  9820 
+42.4528 
-27.4798 
-27. 4798 
+42.4528 
+50.9434 
+42.4528 
-27.4798 
-27.4798 
+42.4528 
-16.  9820 
+42.4528 
+42. 4528 
-54. 9596 
-54. 9596 
+67.9826 
+32.  5471 
- 9.5470 


-9.  5470 
+ 67.9244 
+67.9826 
-54.9596 
-54. 9598 
+42.4528 
+77.  8301 
-16.9820 
+42.4528 
-27.  4798 
-27.4798 
+42.4528 
+135.  8491 
+42.4528 
-27.4798 
-27.4798 
+42.  4528 
-16.9820 
+77.  8301 
+42.4528 
+54.9596 
-54.9596 
+67.  9826 
+67.  9244 
-9.  5470 


+7.  7331 
+20.1792 
+94.2375 
+ 99.  5428 
+99.  5428 
+50.9434 
+38.  2075 
+9.1142 
+25.4717 
+20.  2773 
+20.2773 
+25.4717 
+15.2830 


+7.  7331 
+42.1131 
+94.2375 
+99.  5428 
+99.  5428 
+50.  9434 
+70.  0471 
+9.1142 
+25.  4717 
+20.2773 
+20.  2733 
+25.4717 
+40.  7547 


-19.  05 
+100.19 
+135.36 
-199.  58 
-109.  58 
+84.  91 
+120.  28 
-33.  54 
+84.91 
-54.  79 
-54.  79 
+84.  91 
+186.  79 
+84.  91 
-54.79 
- 54.  79 
+84.91 
-33.  54 
+120.  28 
+84.  91 
-409.  58 
-109.  58 
+135.  36 
+100.19 
-19.  05 


+9.2167 
+9.  2167 


+9.  2167 
+9.2167 


+12.  7358 


+23.  3480 


+18.4334 

+18.4334 


+18.4334 

+18.4334 


+9.  7641 
+1. 4321 
+ 605.  5137 


+20,3773 
+1.4321 
+ 705.  $853“ 


*3  **5  1 
A 


,4000 

+118.141 

,1333 

+155.970 

,2413 

+2094.162 

,0748 

+1520. 797 

.0748 

+1520.  797 

,0000 

+1132.  072 

,0000 

+424. 530 

,5777 

, 0000 

+ 566.  036 

.9194 

+168.  972 

,9194 

+168.972 

,0000 

+566.  036 

,0000 

,2361 

-76.  806 

>2361 

-76.  806 

,0000 

-141. 510 

,2361 

-281.  632 

,2361 

-281.  632 

,0000 

-75.470 

.0000 

-21. 878 

+7480  .751  ' 

! 

IS3L2  inches 


P4U1  1 


*>4  1 


Same  as 
A of  P2^ 


. * 

Same  as 
■of  P2U1I 


0910 
+ . 4606 
7131 
5238 
5238 
+. 4454 
+. 5646 
-.1782 
+ .4454 
2358 
-o  2558 
+.4454 
+ . 8206 
+.1850 
-.1724 
-.1724 
+ .1850 
-.  0741 
+.  4344 
+ .1850 
-.  2921 


705.  9853 


865.  8960 


8.  0553 
43.  8679 


103. 6920 
103.  6S20 


63.  6791 


42.  2450 
42.  2450 


50.  9434 


42. 2450 
42. 2450 


63. 6791 


103o  6920 
103.  6920 


43.  8679 
8.  0553 


a 

*3 

A 

C 

# 

A 

C 

# 

-1.  0000 

-9.  9448 

j i 

+2. 0000 

+70.7546 

C 1 
I 2 

+2. 2361 

-If.  2511 

mm 

Same  as 

Same  as 

-2. 2361 

Same  as 

Sam*  as 

-57.2511 

M 

A of  ?2 

4 of  P2 

♦2. 0000 

A Of  P of  P21/A 

+f0.  7546 

4 5 

1 6 

-2.  2361 

-57. 2511 

6 7 

-2.2361 

-57.2511 

5 7 

4 8 

+2. 0000 

+169.8114 

h * 

+4. 0000 

+283.  0188 

,710 

-4. 9194 

+125.9519 

1011 

-4. 9194 

-125.9519 

! 1 9 

+ 4. 0000 

+283.  0188 

811 

-3.  5777 

-113.  2038 

1812 

+6. 0000 

+212. 2638 

11 12 

+8.  0000 

+283.  0184 

11 13 

-12.  0748 

-309.1523 

>U  L 

-12.  0748 

-309.1523 

12  K 

♦9. 2413 

+453.2155 

,12  L 

+4.1333 

+146.  2250 

I L 

•5.4000 

-53.  7019 

1 

TflRE  HI. 

SPAN  40'  - COL.HST.  2i: 


I__a_ r- 

A 

*3  »5  1 

*4  Ul  1 
A 

| 

?4 1 

A 

A 

A 

C 

■# 

A 

g 

R 

f 

-0.  9600 

+9.1651 

+ 9,1  531 

+9. 5470 

+21.  878 

+ 5 

,4000 

+118.141 

8.  0553 

+1. 9200 

+62. 4904 

+1 30.  414  9 

+133.  6488 

-37.  735 

-4 

,1333 

+155.970 

43. 8679 

H.  3862 

+94. 2375 

+94. 2375 

-226.  609 

-9 

2413 

+2094.162 

iij 

-2. 1466 

+117.  9763 

+117.  9763 

+122, 9952 

+125.  948 

+12 

,0748 

+1520.  797 

* 

103. 6920 

- 5238 

-2.1466 

+117. 9763 

+117.9763 

+122. 6952 

♦125. 948 

+12, 0748 

+1520.  797 

Same  as 

Same  as 

103.  6*20 

4 

- 52^8 

+1. 2000 

+50. 9434 

+50. 9434 

-141. 509 

-8 

,0000 

+1132.072 

fA 

x AAZ.A 

+ 2.  2000 

+93.3962 

+171.2262 

+155.  6601 

-70.755 

-6 

,0000 

+424. 530 

A of  P2lfcl 

#of  P2U1I 

63.  6791 

-0.5367 

: +9. 1142 

+9.1142 

+56.  607 

+ 3,  5777 

A 

A 

-i 1782 

+0. 6000 

+25.4717 

+25.4717 

-141. 509 

-4 

,0000 

+ 566.  036 

•f  . 4454 

-1. 0733 

+29. 4941 

+29.4941 

+61.4476 

+ 34.348 

+4 

,9194 

+168.  972 

4P  PASO 

2358 

-1.0733 

+29. 4941 

+29. 4941 

+ 61.  4476 

+34.348 

+4 

,9194 

+168.972 

+p._  pd'sn 

-«  2o56 

+0. 6000 

+25. 4717 

*25.  4717 

-141. 509 

-4 

0000 

+ 566.036 

+1. 6000 

+81. 5094 

+217.3586 

+271. 6982 

0 

-2 

0000 

50. 9434 

+. 8206 

+0. 6000 

+25.  4717 

+25.  4717 

+169.  8113 

+141. 509 

♦ , 1 fihO 

-1.0733 

+29.4941 

+29.4941 

+135.1842 

-34.348 

+2*  2361 

-76.  806 

42  24,50 

-. 1724 

-1.0733 

+29. 4941 

+29. 4941 

+135.1842 

-34.348 

+2 

,2361 

-76.  806 

42  2450 

-. 1724 

+0. 6000 

+25.4717 

+25.4717 

+169.  8113 

+141. 509 

+ . 1850 

-0.5367 

+9.1142 

+9.1142 

+60. 7565 

-56.  607 

0741 

+2. 2000 

+93. 3962 

+171. 2262 

+466.  9604 

+70. 755 

-2 

O 

O 

O 

O 

-141. 510 

63.  6791 

♦ . 4344 

+1.2000 

+50. 9434 

+50. 9434 

+339. 6221  1 

+141. 509 

+.1 850 

-2.1466 

+117. 9763 

+117.9763 

+663. 6263 

-125.948 

+2 

2361 

-281.  632 

103. 6920 

-. 2921 

-2.1466 

+117.9763 

+117. 9763 

+ 663.  6263 

-125.  948 

+2 

,2361 

-281.  632 

103. 6920 

-..921 

+1. 3862 

+94.2375 

+94. 2375 

+ 628.  2473 

+226.  609 

■ 

+.2961 

*1.9200 

+62.4904 

+130.4148 

+280. 7520  , 

+37.735 

-2 

,0000 

-75.470 

43.  8679 

+. 3912 

-0.9600 

+9.1651 

+9.1651 

+51. 5533 

-21. 878 

+1 

0000 

-21. 878 

8.  0558 

-.  0507 

+1411. 9714 

+1839.  3294 

+4706.  5954 

+7480  .751 

+60$.  5137 

705.  9853 

865.  8960 
1 

3 

AJL  = 200.  9 432 A + 427.  3581C  + 670.  0936innVinn 


2~  - 1411.9714A  4-  1639.  3294C  4 47C  .li'  Hn  J Jii.  LH  = 


74  'C,  7^1.0  inches 

a 1 


* 625*^1 


i 


i 


Tfl^LE  W. 

SPAN  40  - COL  HGT  £f. 


Class  I 


oad 

Vert.  Reacts*  (Lbs.  ) 

Horiz.  Reacts.  (Lhs) 

Rest,  yoms. 

(in.  Lbs.) 

L o C0 

Re  C o 

L.  Co 

Ro  Co 

wmm 

R.  C. 

^ at  E 

-0o  1250 

+0.1250 

+0.  8016 

+ 0.1984 

0 

0 

# at  F 

-0o  2500 

+0.  2500 

+ 0.  6350 

+0.  3650 

0 

0 

^ at  G 

-0o  3750  ' 

+0*  3750 

+0.  5321 

+0.4679 

0 

0 

# at  J 

-0o  5250 

+0o  5250 

+0.  5056 

+0.4944 

0 

\ 

0 

^ at  3 

+0.  3805 

+0o  5137 

+ 0.  1968 

+ 0.2504 

0 

0 

Class  II 


Vert.  Reacts.  (Lbs.  ) 

Horiz.  Reacts.  (Lbs.  ) 

Rest.  Moras,  (in.  Lbs.) 

Load 

n 

R.  C. 

L.  C. 

R.  C o 

L.  C. 

R.  C o 

at  E 

-6.  0179 

+0.  0179 

+ 0.9129 

+ 0.  0871 

+42.  090 

4f9.  318 

1#  at  F 

-0.  0717 

+0.  0717 

+ 0.  7308 

+0.  2692 

+56.  873 

+t8.  711 

1#  at  G 

-0.1613 

+ 0.1613 

+ 0.  5728 

+ 0.4272 

+57.  239 

+45. 337 

1#  at  J 

-0.  3075 

+ 0.  3075 

+ 0.  5141 

+0.4859 

+ 53.391 

+51. 009 

L#  at  3 

+ 0.  4799 

+0.4143 

+0.1648 

+ 0.  2824 

+18.  826 

+28.  910 

Upward.  to  the  left  and  counterclockwise,  positive. 


>'  * V 


/I 


42. 002326640535 


25.  603831803430 


31. 642471474054 


25. 603831803430 


20 


The  moment  of  inertia  of  the  column  section  about  a nei.  • ral 
axis  normal  to  the  plane  of  the  truss  is  135  inches^. 


TflPLE  Y. 

SfflN  LEN6TH  20 


Member 

Section 

A 

Area  in  sq. in. 

1 

Length  in  inches 

GT 

1 PI  10x1/4 
4 LB  3 1/2x2  l/2xl/4 

8.  26 

4 8.  0 

GT 

2L8  2 l/2x2xl/4 

2.12 

89. 044932477935 

JT 

2L8  2 l/2x2xl/4 

2.  38 

75.  0 

JO 

2LS  3x2  1/2x1 /4 

2.  62 

67.  082039324993 

OT 

1L  2 l/2x2xl/4 

1.  06 

33.  541019762497 

OS 

2LS  3x2  l/2xl/4 

2.  62 

67. 082039324993 

TS 

1L  2 l/2x2xl/4 

1.  06 

75.  0 

TU 

2LS  2 1/2x2  l/2xl/4 

2.  38 

90.  0 

SU 

1L  2 l/2x2xl/4 

1.  06 

75.  0 . 

SL 

2LS  3x2  l/2xl/4 

2.  62 

134. 164078649987 

UL* 

2L8  2 1/2x2  l/2xl/4 

2.  38 

75.  0 

UK 

2ls  2 l/2x2xl/4 

2.  12 

89. 044932477935 

KL 

1 PI  10x1/4 

4LS  3 1/2x2  l/2xl/4 

8.  26 

48.  0 

5. 811138014528 


31. 512605042017 


0 70.754 716981132 
37. 815126050420 

| 70.754716981132 
' 51.207663606860 
| 31. 512605042017 

1 

I 42. 002326640535 
5. 811138014528 


The  columns  DJ  ^nd  EL  are  made  of  1 PI  10xl/4  and  4LS 
3 1/2x2  l/2xl/4,3  1/2  leg  outstanding. 


TflEJLE  2L. 

5FRN  LEN6TH  30  FT 


The  columns  "DJ  and  BL  are  made  of  1 PI.  8 x and 
4 LS  3 x 2b  x * with  the  longer  leg  outstanding.  Tht 
moment  of  inertia  of  the  column  section  about  a vertical 
axis  normal  to  the  fil&ne  of  the  truss  is  81.2  inches. 


TABLET  M. 

SPAN  LENGTH  AO  FT. 


in 

1 

1 

Section 

Length  in  ins 

A 

r* 

or 

J 

Some  as  column 

7.  24 

72.  00 

9.  9443 

J 

1 

. L 4 x -•*  be'  4 

2.12 

75.00 

o . j • o V 73 

0 

1 

2 Is 2 3/4  x 2 3/4  x i 

2.12 

103.  97 

49.  0424. 

J 

O 

c 

2.  62 

67.  03 

25.  6031 

i 

o 

1 L '-4  x 2-^  x i 

1.  06 

33.  54 

31.  6415 

2 

0 

2.  62 

67.  08  ' ' 1 

25.  6031 

1 

3 

.12 

75.  00 

35.  3773 

1 

4 

2.12 

7o.  00 

35.  3773 

■ 3 

2.12 

67.  08 

31. 6415 

5 

A1 1 - . em  o e r s h av  i n g 

1.  06 

75.  00 

70.  7547 

4 

5. 

1.  06 

75.  00 

70. 7547 

3 

6 

the  same  area  have 

2.  62 

67.08 

25. 6031 

5 

6 

1.  06 

33.  54 

31. 6415 

6 

7 . . 

t h c s 'am e sec  tl  on 

2.  62 

67.  08 

23. 6031 

5 

7 

1.06 

75.  00 

70. 7547 

4 

8 

2.12  • 

180o  00 

34. 9057 

7 

9 

1.  06 

75.  00 

70. 7547 

7 

10 

2.  62  ' 

67.  08 

25.  6031 

9 

10 

1.  06 

33.  54  • 

31. 6415 

10 

il 

o c? 

'•-J  0 «/ 

G7„  08 

25.  6031 

3 

9 

1.  06 

75.  00 

70. 7547 

9 

11 

1.  06 

75.  00 

70.  7547 

S 

11 

12 

67.  08 

31 . 641 5 

d 

12 

2.12 

75. 00  - 

35. 3773 

11' 

12 

2.12 

75.  00 

35.  3773 

11 

13 

2.  62 

67.08 

25. 6031 

1 o 

•4*. 

13  ! 

1.  06 

3o.  54 

31. 6415 

13 

L 

2.  62 

67.  08 

25.  6031 

12 

k; 

2.12 

103.97  x 

49. 0424 

12 

L 

2.12 

75.  00 

35.  3773 

K 

L 

7.  24 

72.  00 

9.  9448 

~h<2  Columns  D J xnd  13  L are  made  of  1 PI,  8 x 4 and  4 [g  o x 2^  x i 
'"Ath  the  longer  leg  outstanding*  Ihe  moment  of  inertia  of  the  coPurm  ■ 
section  about  a vertical  axis  normal  to  tine  plane  of  the  truss  is61.2 

inches. 4 


\ 


i 


I 


TflPLE  HU. 

■SPAN  LENSTH  50  FT. 


Member. 

• 

Sec  tion. 

A 

Area  sq.  in. 

L 

Length  in  ii 

JL. 

A 

G 

5 

Same  as  columns. 

7.24 

72, 000 

9.  9448 

J 

1 

2 La  2^  x 2i  x ^ 

2.  38 

93,  750 

39.3908 

G 

1 

2.38 

118.  208 

49. 6671 

J 

2 

2 La  5 1 x 3 x , 5/1 6 

3.56 

83.  853 

23. 5541 

1 

2 

1 2i  x 2 x t 

1.  06 

41. 926 

39. 5531 

2 

3 

. 

3.56 

83.  853 

23. 5541 

1 

3 

2 Ls  2£  x 2 x -4 

2.12 

93.  750 

44.2217 

1 

4 

_ 

2.  38 

93.  750 

39.3908 

3 

4 

2. 12 

83.  853 

39. 5531 

3 

5 

All  members  having 

1.  06 

93.  750 

88.4434 

4 

5 

1.  06 

93.  750 

88.  4434 

3 

6 

The  same  area  have 

3.  56 

83.  853 

23. 5541 

5 

6 

1.06 

41. 926 

39.  5531 

6 

7 

The  same  section 

3.  56 

83.  853 

23. 5541 

5 

7 

1.  06 

93.  750 

88. 4434 

4 

8 

2.12 

225.  000 

106,1321 

7 

9 

7 

10 

9 

10 

10 

11 

8 

9 

9 

11 

Symmetrical  with  the  0 

ther  half  of  1 

lie  Truss. 

8 

11 

8 

12 

11 

12 

11 

13 

12 

13 

13 

L 

12 

K 

12 

L 

K 

L 



! . ' • , , ■ 

— 1 

The  columns  D 2T  and  B L are  made  of  1 PI.  8 x ^ and 
4 Ls  3 x 2i  x i with  the  longer  leg  outstanding.  The 
moment  of  inertia  of  the  column  section  about  a vertical 
axis  normal  to  the  plane  of  the  truss  is  81.2  inches.  4 


TflPL E K. 

5 PAN  LENSTH  60  FT 


Section 

— — 

1 

Length  in  ins 

1 

A 

G 

J 

Same  as  column 

7,  24 

72.  00 

4. 9448 

J 

1 

2 is  2 3/4  x 2 3/4  x i 

2.  62 

112.  50 

42.  9389 

G 

1 

- 

2,  62 

133.  57 

50.  9809 

J 

2 

2 [_s  3^-  x 3 x 5/16 

3.  86 

100.  62 

26.  0674 

1 

2 

1 L 2i  x 2i  x i 

1.  06 

50.  31 

47.  4623 

2 

3 

3.  86 

100.  62 

26.  0674 

1 

3 

2 |_s  2i  x 2i  x i 

2.12 

112.  50 

53. 0660 

1 

4 

2.  62 

112.  50 

42.  9389 

3 

4 

2.12 

100.  62 

47. 4623 

3 

5 

1.  06 

112.  50 

106.1321 

4 

5 

1 L2i  x x j 

1.19 

112.  50 

94. 5378 

3 

6 

3.  86 

100.  62 

26.  0674 

5 

6 

1.  06 

50.  31 

47.4623 

6 

7 

3.  86 

100.  62 

26.  0674 

5 

7 

/ill  members  having 

1.19 

112. 50 

94. 5378 

4 

8 

2.12 

270. 00 

127.3585 

7 

9 

the  same  area  have 

1.19 

112.  50 

94. 5378 

7 

10 

3.  86 

100.  62 

26. 0674 

9 

10 

the  same  section 

1.  06 

50.  31 

47.  4623 

10 

11 

3.  86 

100.  62 

26.  0674 

8 

9 

1.19 

112.  50 

94, 5378 

9 

11 

1.06 

112.  50 

106.1321 

8 

11 

2.12 

100.  62 

47.  4623 

8 

12 

2.  62 

112.  50 

42.  9389 

11 

12 

2.12 

112.  50 

53.  0660 

11 

13 

3.  86 

100.  62 

26.  0674 

12 

13 

1.  06 

50.  31 

47.4623 

12 

L 

3.  86 

100.  62. 

26.  0674 

12 

K 

2.  62 

133.  57 

50.  9809 

12 

L 

, 

2.  62 

112. 50 

42.  9389 

K 

L 

7.24 

72.  00 

9.  9448 

The  columns  D J and  B L arc  made  of  1 Pi.  fix  1/4  and  4 [s  3 x 2^  x i 
with  longer  leg  outstanding.  The  moment  of  inertia  of  the  column  secjioi 
about  a vertical  axis  normal  to  the  ^laneof  the  trues  is  81,2  inches. 


art 


Tfl&LE  X. 

SPAN  20'  - ioL.  HST  12', 


ember* 

P 

P L 
1 

U 

1 - 

PUT 

p 

2 

1 

r u Jj 

i i 

A 

A 

A 

# 

J 

-1. 9200 

- 11.1574 

-0.  4400 

+ '4.9092 

-0.  6400 

-0.  6400 

T 

+3.  5618 

+149.  6038 

+1.1873 

+177. 6194 

+1.1873 

+1. 1873 

T 

+1.  8400 

+ 57.9832 

-0.1200 

- 6.  9580 

+0.  2800 

+1.  2800 

0 

-4. 2933 

-109.  9237 

-0.  9839 

+108.1506 

-1. 4311 

-1. 4311 

s 

-4. 2933 

-109. 9237 

-0.  9839 

+108.1506 

-1. 4311 

-1. 4311 

s 

+2.  4000 

+169.8113 

+0. 8000 

+135.  8491 

+0. 8000 

+0.  8000 

u 

+3.  4000 

+128.  5714 

+0.  4000 

+ 51.4286 

+0.  8000 

+1.  8000 

u 

+2. 4000 

+169.  8113 

0 

0 

+0.  8000 

+0.  8000 

Q, 

— 4 o 29  33 

-109.  9327 

-0.  4472 

+ 49.1594 

-1. 4311 

-1. 4311 

L 

— 4.  2933 

-109.9237 

-0.  4472 

+ 49.1594 

-1. 4311 

-1. 4311 

L 

+1.  84  00 

+ 57.9832 

+0.4000 

+ 23.1933 

+0.2800 

+1. 2800 

K 

+3.  5618 

+149. 6038 

0 

0 

+1.1873 

-1.1873 

£ 

-1. 9200 

- 11.1574' 

-0.2000 

-0.  6400 

-0.  6400 

V _ loz_  8^30 

/_  fifc  E 


P L 
2 

f 

I 

■ : \ • 

> U L 
2 1 

- \ . • 

p i* 
2 

A 

L ' A 

A ' 

# 

A 

# 

A 

- 3.7191 

- 3.7191 

+ 1. 6364 

+ 1. 6364 

- 6.1341 

+49. 8679 

+49.  8679 

+59. 2065 

+59. 2065 

+ 82.  2489 

+ 8.8235 

+40.  3361 

- 1.0588 

- 4.  8403 

+46. 0656 

-36.6411 

-36.  6411 

+36.  0502 

+36.  0502 

-60.  4336 

-36. 6411 

— 36.  6411 

+36. 0502 

+36.0502 

-60.  4336 

+56.  6038 

+56.  6038 

+45.2830 

+45.  2830 

+93.  3586 

+30. 2521 

+ 68.  0672 

+12.1008 

+27.  2269 

+87.  7110 

+56. 6038 

+56.  6038 

0 

0 

+93. 3586 

-36.  6411 

-36.  6411 

+16.3865 

+1 6.  3865 

-68. 4336 

-36.  6411 

-36.  6411 

+16.3865 

+16.  3865 

-60.4336 

+ 8.8235 

+40. 3361 

+ 3.5294 

+16.1345 

+46.  0656 

+49. 8679 

+49. 8679 

0 

0 

+82. 2489 

- 3.7191 

- 3.7191 

+ 0.7438 

+ 0.7438 

„ - 6.1341 

mi 

£ 

^2.  U»  ^ €.3 l^-S"  ft  + £50.  2G40 

fi£  g 


Tfl^LE  XL 

5 PAN  Z O'  -COL  H8T 


12 


Member  j 

8 J 
8 T 
J T 
J 0* 

0 s 


s 

u 

u 

4 

L 

L 


0 - K 

L K 


p 

3 

P L 
3 

"X” 

U 

3 

PUL 
3 3 

A 

1 

A 

C 

# 

A 

C 

# 

A 

C 

-1.0000 

-5.  8111 

-0.  6400 

+ 2.3802 

+ 2.  3802 

♦ 3.7191 

Same. 

Same. 

-0- 

Same. 

Same. 

-0- 

+1.1873 

+ 59.2065 

+59. 2065 

0 

aa  A 

as  # 

+2. 0000 

as  A 

as  # 

+63. 0252 

+1. 2800 

+11.2941 

+51. 6303 

♦ 80.  6723 

Of 

of 

-2„ 2361 

of 

of 

-57.  2519 

-1.4311 

+52. 4366 

+ 52.  4366 

+ 81.  9323 

p 

P 

-2.  2361 

-57.  2519 

-1. 4311 

+52.4366 

+ 52.  4366 

+ 81.  9323 

2 

2 

-0- 

P L 

P L 

-0- 

+0.  8000 

+45.2830 

+45.2830 

0 

+2. 0000 

2 

2 

+75. 6302 

+1.  8000 

+ 54.4538 

+122. 5210 

+136.1345 

+4. 0000 

“X” 

“ 

+283.  0189 

+0. 8000 

+45.2830 

+45.2830 

+226. 4151 

-4c 0193 

-12  5.  9542 

-1.4311 

+52. 4566 

+52.4366 

+180.  2510 

-4.  91 93 

-125. 9542 

-1.4311 

+52.4366 

+52. 4366 

+180.  2510 

-0. 6000 

- 18.  9076 

+1.2800 

+11.2941  , 

+51. 6303 

+24. 2017 

+5.  9363 

+249. 3396 

+1.1873 

+59.2065 

+59. 2065 

+ 206.  0324 

-2.  2000 

- 12.  7845 

-0. 6400 

+ 2.3802 

+2.3802 

+ 8.1821 

+5dO.  S28I 

+649.  267 6 

+1251.  i2o2  ” 

A3u  + i*tni<u  c tm.nn 


Ml 


I 


A^lil  - 5qq,5£8i  fl  i-fe4q.g.&-l6c  -MZSI.320Z 
flE  p 


Memb  er. 

V 

j ‘ '[*  ’ ./t  & ■'  ' • 

PUL 
3 5 

A 

5 

A 

O J 

+ 3.4867 

+2.  2000 

+ 7. 6707 

0 T 

-124. 6698 

-5.9363 

+ 740.  0810 

J T 

+ 40.9664 

+ 0.  6000 

+ 24. 5798 

J O 

+ 34.3511 

+4.  9193 

+163.  9853 

0 S 

+ 34.3511 

+4.9193 

+168.  9853 

T S 

-141. 5094 

-4.  0000 

+ 566.  0377 

0 

-2.  0000 

0 

+141. 5094 

0 

0 

- 34.3511 

♦2.  2361 

- 76.8115 

|g-  ti&ji 

- 34  . 3511 

+2.2361 

- 76.  8115 

- 40.9664 

-2.  0000 

+ 81.  9328 

U K 

+124. 6698 

0 

0 

L K 

- 3. 4867 

+1. 0000 

SsssBsilS 

PUL 
4 1 
A 

P L 

A 

c 

R 

4 

nr 

0 

+ 2. 5569 

-0.  0408 

Same. 

Same. 

0 

+ 0.  6990 

as  A 

as  # 

- 7.  5630 

+0.  2642 

of 

of 

+56. 3284 

-0.4018 

PUL 

PUL 

+ 56.3284  - 

-0.  4018 

2 1 

2 1 

0 

+0. 7934 

a‘ 

A 

+30. 2521 

+0.  5926 

$ 

+0.  2409 

+56.  3284 

-0.  2677 

+56. 3284 

-0.  2677 

- 7. 5630 

+ 0.  4241 

• 

0 

+ 0.  2122 

+ 2. 5569 

-0.  0272 

1 

+245. bb36 

_ ? ?U  Ha*  ft  -f  250.  2fc<K>  C -t-g4S.5S36fl 

flE 


<T  'J£L‘  - I60M6E 

L **  " E 


E 


Member 


4-3.  826 
+ 5.  258 
-7.  632 
-7.  632 
+4. 267 
+ 5.267 
-1. 908 
+2. 133 
-3.  816 
-3.  816 
+2.133 
+3. 133 


Symmetric^ 


— * — 

4.  0732 

+ 4. 0732 

+1C  + 

8.2504 

+ 9.  9249 

+1* + 60.  2790 

+ 60. 2790 

“1 \ + 64.9381 

+ 64.  9331 

“f : + 64. 9381 

+ 64.  9381 

+11  + 

30.1906 

+ 30. 1906 

+12+  22.  6422 

+ 43. 8686 

- 4 + 

5.  3997 

+ 5.3997 

+11  +15.  0924 

+ 15.  0924 

- £ + 13.  2276 

+ 13.2276 

- 8 + 13.  2276 

+ 13.  2276 

+11  + 15.  0924 

+ 15.  0924 

+19  + 

9. 0572 

+ 26.  0404 

+11 

-0- 

-0- 

- 5 + 

6.  0501 

+ 6. 0501 

- 6 + 

6.  0501 

+ 6.  0501 

+11 

.0- 

-0- 

- 4 

-0- 

m Qmm 

+13  + 

7.  5484 

+ 14. 6247 

+11 

-Q- 

-0- 

-16  + 12.1003 

+ 12.1003 

-16+  12.1003 

+ 12.1003 

+18 

-0- 

• Qm 

+10  + 

5.  0008 

+ 12. 0772 

- 2 + 

0. 7541 

HBkiHSiMsEnHHi 

+ 3*6*  0126 


, . 082 . 03 61  y 297.  8787  inches. 

£ J L=  B - 

- P-,  U-.  L=  1568.ijt-ii2£-2i2i  inches. 
11  ■-  - ' 1 IT  T 


0494 


- 12. 204 
+ 66.  982 
+ 98.  915 

- 87.  009 

- 87.  009 
+ 61. 055 
+ 87.  588 
* 24. 420 
+ 61 . 055 

- 43. 505 

- 43. 505 
+ 61. 055 
+136.  93t 
+ 61. 055 

- 43.  505 

- 43* 505 
+ 61. 055 

- 24. 420 
+ 87.  588 
+ 61. 055 

- 87.  009 

- 87.  009 
+ 98.  915 
+ 66. 982 

- 12.  204 


Time  xn 

SPAN  30'-C0L,H<3T.  16' 


682.  0361 

A JL=  B inches. 

“ 1>~  1568.  0481  inches. 


J 1 

+3.  826 

G 1 

+5.258 

J 2 

-7.  632 

2 3 

-7.  632 

1 3 

+4.267 

1 4 

+5.267 

3 4 

-1. 908 

4 5 

+2.133 

3 6 

-3.  816 

6 7 

-3.  816 

5 7 

+2.133 

4 8 

+3.133 

7 9 

7 10 

10  11 

8 9 

8 11 

Symmetrical 

-22. 6275 
+101.  5153 
+1 83.  4000 
-1 51 o 3367 
-161. 3367 
+113.2163 
+139.  7493 

- 45.2808 
+113.1898 

- 80.  6683 

- 80.  6683 
+113.1898 
+199. 5069 
+113.1898 

- 80.  6683 

- 80.  668^3 
+113.1898 

- 45.2808 
+139.  7493 
+113.  2163 
-161.3367 
-161. 3367 
+1 33.  4000 
+101.  5153 

- 22.6275 


-0.  7200 
+0.  4400 
+1. 3146 
-1. 6100 
-1. 6100 
+1. 0667 
+0.  3000 
-0.  4770 
+0. 5333 
-0.  6559 
-0. 6559 
+0. 6333 
+0. 2667 
-0- 

-0. 3000 
-0. 3000 

-0- 

-0- 

+0.2667 

-0- 

-0.  3000 
-0.  3000 

-0- 

+0. 2667 
-0.1333 


+16.2918 
+44. 6667 
+*41. 0976 
+259. 7521 
+259. 7521 
+120.  7678 
+111. 7994 
+ 21.  5989 
+ 60.3641 
+ 52.9103 
+ 52.9103 
+ 60.3641 
+ 53.2085 
-0- 

+ 24.2005 
+ 24.2005 

-0- 

-0- 

+ 37.2711 

— 0— 

+ 48.4010 
+ 43.4010 

-0- 

+ 27.0741 
+ 3.0162 


+15*8.  0481 


-0.  8533 
+0.  7067 
+1. 3146 
-1.  9080 
-1. 9080 
+1. 0667 
+1. 0667 
-0.  4770 
+0. 5333 
-0.  9540 
-0.  9540 
+0. 5333 
+0. 5333 


-0. 8533 
+1. 7067 
+1. 3146 
-1.  9080 
-1. 9080 
+1. 0667 
+2. 0667 
-0.4770 
+0. 5333 
-0.9540 
-0.  9540 
+5. 5333 
+1. 5333 


“ 5. 
+18. 
+ 45. 

- 40. 

- 40. 
+ 28. 
+ 28. 
“ 11. 
+ 28. 
“ 20. 

- 20. 
+ 28. 
+ 33. 
+ 28. 
- 20. 
* 20. 

+ 28. 
~ 11. 
+ 28. 
+ 28. 

- 40. 

- 40. 
+ 45. 
+ 18. 

- 5. 


6572 

7509 

8535 

3342 

3342 

3028 

3028 

3202 

3000 

1671 

1671 

3000 

9601 

3000 

1671 

1671 

3000 

3202 

3028 

3028 

3342 

3342 

8535 

7509 

6572 


- 5.  6572 

- 4. 0732 

+ 4. 0732 

+45.  2839 

+ 8.  2504 

+ 9.  9249 

+ 45.  8535 

+ 60.2790 

+ 60.  2790 

- 40.  3342 

+ 54.  9381 

+ 64.  9331 

- 40.  3342 

+ 64.  9381 

+ 64.  9381 

+ 28.  3028 

+ 30.1906 

+ 30.1906 

+ 54.  8358 

+ 22.  6422 

+ 43.  8686 

- 11. 3202 

+ 5.  3997 

+ 5.  3997 

+ 28. 3000 

+ 15.  0924 

+'15.  0924 

- 20.1671 

+ 13.  2276 

+ 13.  2276 

- 20.1671 

+ 13. 2276 

+ 13.  2276 

+ 28. 3000 

+ 15.  0924 

+ 15.  0924 

+ 97.  6393 

+ 9.0572 

+ 26.  0404 

+ 28.  3000 

-0- 

-0- 

- 20.1671 

+ 6.0501 

+ 6.  0501 

- 20.1671 

+ 6.  0501 

+ 6.  0501 

+ 28. 3000 

-0- 

-0- 

- 11. 3202 

-0- 

-0- 

+ 54. 8358 

+ 7.  5484 

+ 14. 6247 

+ 28.  3028 

-0- 

-0- 

- 40. 3342 

+ 12.1003 

+ 12.1003 

- 40. 3342 

+ 12.1003 

+ 12.1003 

+ 45. 8535 

-0- 

• 0— 

+ 45.2839 

+ 5.0008 

+ 12. 0772 

- 5.  6572 

+ 0.  7541 

MkmsMiz  n 

+ 3*6.  0126 

+440. 0494 

A J L=  128.  0675  A + 297.  3767  inches. 

-l  - - 

- P U L=  376.0126  A + 440.0494  inches. 
3.  2 

X¥“ 


- 12.  204 
+ 66.  982 
+ 98.  915 

- 87.  009 

- 87.  009 
+ 61..  055 
+ 87.  588 

* 24. 420 
+ 61.  055 

- 43.  505 

- 43. 505 
+ 61. 055 
+136.  93 b 
+ 61 . 055 

- 43.  505 

* 43. 505 
+ 61.  055 

- 24e  420 
+ 87.  588 
+ 61. 055 

- 87.  009 

- 87.  009 
+ 98.  915 
+ 66.  982 

- 12.  204 


2. 0000 


+ 2.2500 
f 2,2500 

*i«r8ooo 


+5.  4000 
-30  3000 
-9.  8595 
+12. 0750 
+12.  0750 
- 8.0000 
- 6.  0000 
+ 3.  5777 

- 4.0000 
+ 4.9193 
+ 4.9193 

- 4.  0000 

- 2.0000 

-0- 

+ 2.2500 
+ 2.2500 

-0- 
-0- 


1.  0000 


+ 78.  754 

+ 56.  925 

+1695.  351 
+1252. 045 
+1252.  045 
+ 849. 080 
+ 316.414 
+ 151.  877 
+ 424. 540 
+ 138.  050 
+ 138.  050 
+ 424. 540 


- 63.  821 

- 63.  321 

-0- 

-0- 

- 106.126 

-0- 

- 234. 014 

- 234, 014 

-0- 

- 24,486 

- 14. 586 


. U L 
4 1 
A S 


+376.  0126A  + 440 


Sour. 


as  # of 


R 


P L 
4 


D < 

OJ 

P4 


+ 4.7729 
+ 23.  3505 

-0- 

+ 76.  5778 
+ 76.  5778 

-0- 

+42.  4554 

-0- 

-0- 

+31.1972 

+31.1972 

— 0«* 

+33. 9565 

-0- 

+31.1972 

+31.1972 

-0- 

-0- 

+42. 4554 

-0- 

+ 76.  5778 
+7S.  5778 

«*  0-* 

+23. 3505 
+ 4. 7729 


+ 606. 


0494C  + 606. 2241 R 


Tfl&LE  m. 

5 PFIN  30'-  C0L  H6T.  16’. 


P L 
3 


+14.  584 
-17.250 
-171.  951 
+103.  689 
+103.  689 
-106.135 

; 11:81? 
-106.135 
+ 28.063 
+ 28.063 
-106.135 
-0- 

+106.129 

- 28.365 

- 28.365 
+106.129 

-42.455 
+ 53.063 
+106.129 
+104. 006 
-104.  006 
+171. 950 
+ 17.243 

- 14.586 


+ 78.  754 

+ 56.  925 

+1695.  351 
+1252. 045 
+1252.  045 
+ 849.080 
+ 318.414 
+ 151. 877 
+ 424. 540 
+ 136.050 
+ 138.  050 
+ 424. 540 
-0- 
-0- 

- 63.  821 

- 63.  821 

-0- 

-0- 

- 106.126 

-0- 

- 234.014 

- 234. 014 


34.486 


- 14. 

+ 6028. 


+ 4.7729 
+23. 3505 

-0- 

+76. 5778 
+ 76.  5778 

-0- 

+42. 4554 

-0- 

-0- 

+31.1972 

+31.1972 

-0- 

+33. 9565 

- 0— 

+31.1972 

+31.1972 

-0- 

-0- 

+42. 4554 

— 0— 

+76.  5778 
+76. 5778 

-0- 

+23. 3505 
+ 4. 7729 
+606. 2241 


-0.  0724 
+0.  3758 
+0.  6516 
-0.  5161 
-C.  5161 
+0. 4021 
+0.  5114 
-0.1609 
+0. 4021 
-0.2295 
-0.  2295 
+0.  4021 
+0.  7450 
+0.1474 
-0.1618 
-0.1618 
+0.1474 
-0.  0590 
+0.  3841 
+0.1474 
-0.2669 
-0.2669 
+0. 2389 
+0.  3344 
-0.  0374 


+5.4000 
: -3. 3000 
-9.  8595 
+12. 0750 
+12.  0750 
- 8.0000 
- 6.0000 
+ 3.  5777 

- 4.0000 
'+  4.9193 
+ 4.9193 

- 4.  0000 

- 2.0000 

-0- 

+ 2.2500 
+ 2.2500 

-0- 

-0- 

- 2.0000 

— 0— 

+ 2.2500 
+ 2.2500 

.*^8000 
+ 1. 0000 


: 


+376  0126A  + 440. 0494C  + 606.2241 
' ' B 


i ee 


1 

4 

3 

4 

4 

5 

3 

6 

6 

7 

5 

7 

4 

8 

7 

9 

3 +7. 7331 

-19.  05 

* +42.1131 

+100.19 

+94.2375 

+135.36 

+99. 5428 

-109.  58 

* +99. 5428 

-109.  58 

l +50.9434 

+84.  91 

3 +70. 0471 

+120. 28 

+9. 1142 

-33.  54 

+25.  4717 

+ 84.  91 

* +20.2773 

-54.  79 

+20. 2733 

-54.  79 

+25.4717 

+84.  91 

> +40. 7547 

+186.  79 

+9.2167 

+84.  91 
-54.79 

+9.2167 

- 54.  79 

+23.  3480 

+84.91 
-33.  54 
+120.  28 

+18.4334 

+84.91 
-409.  58 

+18.4334 

-109. 58 

+20.3773 

+135.  36 
+100.19 

+1.  4321 

-19.  05 

«H*TTTai 

A.TL  -- 


-3. 370 

-33.  514 

+4.  230 

+149. 646 

+4. 360 

+238. 346 

-7.495 

-191. 895 

-7.495 

-191.  895 

+4.220 

+149. 292 

+5.195 

+183.  785 

-1.  875 

- 59.328 

+2.100 

+148.  585 

-3. 745 

-95.  884 

-3.745 

-95.  884 

+2.100 

+148.  585 

+3.100 

+263,208 

+2.100 

+148.585 

-3.  745 

-95.  884 

-3.475 

-95. 884 

+2.100 

+148.  585 

-1.  875 

-59.328 

+5.195 

+183.  785 

+4.220 

+149. 292 

-7.495 

-191. 895 

-7.495 

-191.  895 

+4.  860 

+238.  346 

+4.230 

+149. 646 

-3.  370 

-33.  514 

A-TL  = 


330. 0~0 
g 


inches 


-0.  8100 
+0. 6200 
♦1. 3862 
-1.8112 
-1. 8112 
+1. 2000 
+0.0000 
-0. 5367 
+0. 6000 
-0.  7379 
-0. 7379 
+0.  6000 
+0, 3000 

-0. 3354 
-0. 3354 


+0. 3000 

-0. 3354 
-0. 3354 

+0. 3000 
-O.llOO 


x¥ir  - mgMZ-  inches. 


TflPLE  W. 

SPAN  40-  cql.hgt  ai'. 

■tf  1 ' 

i 

*2 

*2  1 
A 

P2  UX  1 
A 

* u. 

A 

A 

# 

A 

# 

A 

# 

-0. 9600 
+0.9200 
+1.  3862 
-2.1466 
-2.1466 
+1.2000 
+1. 2000 
-0.  5367 
+0. 6000 
-1. 0733 
-1.0733 
+0. 6000 
+0.  6000 
+0.6000 
-1.0733 
-1. Q733 
+0. 6000 
-0.  5367 
+1. 2000 
+1. 2000 
-2.1466 
-2.1466 
+1.  3862 
+0.  9200 
-0.  9600 

-0.9600 
+1. 9200 
+1.  3862 
-2.1466 
-2.1466 
+1.  2000 
+2.  2000 
-o. 5367 
+0.  6000 
-1. 0733 
-1. 0733 
+0.  6000 
+1. 6000 
+0.  6000 
-1. 0733 
-1.  0733 
+0.  6000 
-0.  5367 
+2. 2000 
+1. 2000 
-2*1466 
-2.1466 
+1.  3862 
+1. 9200 
-0. 9600 

-9.  5470 
*32. 5471 
, +67.9826 
-54.9596 
-54.9596 
+42.4528 
+42.4528 
-16.  9820 
+42. 4528 
-27.4798 
.27.4798 
+42.4528 
+50. 9434 
+42.4528 
-27.4798 
-27.4798 
+42.4528 
-16.  9820 
+42,4528 
+42.4528 
-54.9596 
-54. 9596 
+ 67.9826 
+32.  5471 
- 9,5470 

-9. 5470 
+67.  9244 
+67.9826 
-54.9596 
-54.9386 
+42.4528 
+77.  8301 
-16.9820 
+42.4528 
-27.4798 
-27.4798 
+42.4528 
+135.  8491 
+42.4528 
-27.4798 
-27.4798 
+42.4528 
-16.9820 
+77.  8301 
+42.4528 
+54.9596 
-54.9596 
+67.9826 
+67.  9244 
-9.  5470 

+ 7.7331 
+20.1792 
+94.2375 
+99.  5428 
+99.  5428 
+50.9434 
+38.  2075 
+9.1142 
+25.4717 
+20.2773 
+20.2773 
+25.4717 
+15.2830 

+9.2167 

+9.2167 

+12.  7358 

+18.  4334 
+18.4334 

+9.  7641 
+1. 4321 
+ 605.  5137 

+7.  7331 
+42.1131 
+94.2375 
+99.  5428 
+99.  5428 
+50. 9434 
+70.  0471 
+9.1142 
+25.  4717 
+20.2773 
+20.  2733 
+25.4717 
+40. 7547 

+9.  2167 
+9.2167 

+23.  3490 

+18.4334 

+18.4334 

+20.3773 
+1.4321 
+705.  $853  “ 

-19.05 
+100.19 
+135.36 
-109.  58 
-109.  58 
+84.  91 
+120.  28 
-33.  54 
+ 84.91 
-54.  79 
-54.  79 
+84.  91 
+186.  79 
+84.  91 
-54.79 
- 54.  79 
+84.  91 
-33.  54 
+120.  28 
+ 84.91 
-109.  58 
-109.  58 
+135.36 
+100.19 
-19.  05 

^ i ...  * . J 

= 200.  34>‘2A  + 427.  inenes 

g 

rr  *2ull  _ 605.  5137a  *■  fP„ 

L-  AK  2 

i 

>Re. 

*>3  U5  1 


+21.  878 

+ 5.  4000 

+118.141 

-37,j  735 

-4.1333 

+155.  970 

226.  609 

-9.  2413 

+2094.162 

125.  948 

+12.0748 

+1520. 797 

1250  948 

+12.0748 

+1520. 797 

141. 509 

-8.  0000 

+1132.072 

-70.  755 

-6.  0000 

+424. 530 

+56.  607 

+3. 5777 

141. 509 

-4. 0000 

+ 566.  036 

+34.;  348 

+4. 9194 

+168.  972 

+34. 348 

+4. 9194 

+168.  972 

141. 509 

-4. 0000 

+ 566.  036 

0 

-2. 0000 

141. 509 

-34.  348 

+2.  2361 

-76.  806 

i - 34.  348 

+2.  2361 

-76.  806 

•141.  509 

— 5 6.j  607 

+70. 755 

-2.  0000 

-141, 510 

1 141.  >09 

K . 348 

+2.  2361 

-281.  632 

lx  ;94fe 

+ 2.  2361 

-28 1.  632 

v 22  G.  609 

,+37.  735 

-2. 0000 

-75.470 

-21.878 

+1. 0000 

-21.  878 

1 

+7480  .751 

r ..'hr? 


+169.  8114 
+283.  0188 
+125.9519 
-125.9519 
+283.  0188 
-113.  2038 
+212.2638 
+283.0184 
-309.1523 
-309.1523 
+453.2155 
+146.  2250 
-53.  7019 


P3 

A C 

# 

S J 
: i 

-1.0000 
+2. 0000 

; i 
J 2 

+2. 2361 

2 3 

Sr.e  aa  Sslis  aa 

-2.2361 

A of  ?g  4 of  P2  +2.0000 


-2.2361 

-2.2361 

+2.  0000 
+4. 0000 
-4. 9194 
-4. 9194 
+4. 0000 
-3. 5777 
+ 6.  0000 
+ 8.  0000 
-12.0748 
: -12.0748 
♦9. 2413 
+4.1333 
-5.  4COO 


-9.9448 

+70.7546 


-0.  J600 

+1. 9200 


+ 5.  4000 
-4.1333 
-9.  2413 
+12.0748 


8.  0553 
43. 8679 


-17.2511 

-57.2511 


103.  6920 
103.  6920 


oarn>  aa 


+1.  2000 
+ 2.  2000 
-0.  5367 
+0. 6000 
-1. 0733 
-1. 0733 
+0. 6000 
+1. 6000 
+ 0.  6000 
-1. 0733 
-1. 0733 
+0. 6000 
-0.  5367 
+2. 2000 
+1.2000 
-2.1466 
-2. 1466 
+1.  3862 
*1.9200 
-0.  9600 


A of  P2U#  of  1WA 


+70.7546 


63.  6791 


036  gj 
972 
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1887 


+4.1711 

+4.1711 


+ 6.  8702 

+8.  3416 
+ 8.  3416 

+2.  4046 
+0.  6365 
+ 320.  7372 


ajl 


1 43.  e ■ 1 4 A • • ■ U. 


Inches 


# 


+3. 
+4. 
+ 71. 
+45. 
+45. 
+33. 
+46. 
+ 6. 
+15. 
+9. 
+9. 
+15. 
+ 35. 


4369 

3969 

8654 

0471 

0471 

9622 

3740 

0744 

1260 

1761 

1761 

1260 

6604 


+4.1711 

+4.1711 


+15.4580 

+8.  3416 
+ 8.  3416 

+10.  9924 
+0.  6365 
+392.  5829 


-13.  04 
+67.  54 
+123.15 
-76.31 
-76.  31 
+ 86.  90 
+113.25 
-34.  98 
+77.42 
-38.42 
-38.42 
+ 77®  42 
+231.  63 
+77.  42 
-38.  42 
-38.  42 
+77/42 
-34.88 
+113.25 
+86.  90 
-76.31 
-76.  31 
+123.15 
+ 67.  54 
-13.04 


ir.  "Lea 


II 


Mil 

A K 


_ 320.  7?72A 

if 


+ 3 9,..  5829 


inches 


TflE-LF  XIX. 

SPAN  60-  C0L.H6T.  Z\ 


-2.  2361  Same  as 
-2.  2361 

A of 

+2.  0 

*21 

-2.  2361 
-2.  2361 

+2.0 

+4.  0 

-4.01  94 
-4. 9194 
+4.0 
-3. 5577 
+ 6.  0 
+8.  0 

-12.  0748 
-12.  074  8 
+11. 8727 


Same  as 


-9. 9448 
+85.  8778 

-58.  2909 
-58.  2909 

+85.  8778 


-58.2909 
-58.  2909 


-0.  6400 

4. 0734 

4. 0734 

+1.  2800 

15.  3893 

70. 3511 

+1.1873 

71.  8654 

71.  8654 

-1. 4311 

53.  3888 

53.  3888 

-1. 4311 

53.  3888 

53.  3888 

+ 0.  8000 

33.  9622 

33. 9622 

+1.  8000 

61.  8320 

139.1220 

-0.  3578 

6.  0764 

6.  0764 

+0.4000 

15.1260 

15.1260 

-0.  7156 

13.  3481 

13.  3481 

-0.  7166 

13.  3481 

13.  3481 

+0. 4000 

15. 1260 

15.1260 

+1.4000 

71.3208 

249. 6227 

+0.4000 

15.1260 

15.1260 

-0.  7156 

13.  3481 

13.  3481 

-017156 

13.  3481 

13.  3481 

+0. 4000 

15.1260 

15.1260 

-0.  3578 

6.  0764 

6.  0764 

+1.  8000 

61. 8320 

139.1220 

+ 0.  8000 

33.  9622 

33.9622 

-1.4311 

53.  3888 

53. 3888 

-1. 4311 

53.  3888 

53.  3888 

+1.1873 

71.  8654 

71.  8654 

+1.2800 

15.  3893 

70. 3511 

-0.  6400 

4. 0734 

4. 0734 

785.1698 

1227. 9699 

/ AU 

766.1608A  t 

1227.  56990 

# 


6. 3647 
109. 9236 

83. 4201 
83. 4201 

154. 5800 


41. 7130 
41.  7130 

356. 6038 
151.2605 
91.  7681 
91.  7681 
151.2605 
60. 7550 
463. 7401 
339.  6224 
450.  4632 
450.  4632 
718.  6360 
43.  9694 
34. 3692 
3925.  8140 


+21.  8785 


+118.1439 


5.  3702 

6.  8702 


-0. 0677 
+ 0.  3310 
+0.  6985 
-0.  3971 
-0.3971 
+ 0.  4899 
♦0.  5887 
-0.1960 
+0.4364 
-0.1818 
-0.1818 
+0.4364 
+1.1581 
+0.  2193 
-0.1419 
-0.1419 
+0.2193 
-0. 0985 
+0.4901 
+0. 2462 
-0.  2498 
-0.2498 
+0.  3511 
+0.3606 
-0.  0426 


+25. 7634 
-302.  6420 
+128.  2380 
+128.  2380 
-212.2640 
-85.  8778 
+ 84.9130 
-189.  0756 
+34. 9730 
+34.9730 
-189.  0756 


-0.  8 

-11. 8727 
+12. 0748 
+12.  0748 
-8.0 
-6.  0 
+3.  5777 
-4.0 
+4.9194 
+4. 9194 
-4.0 
-2.  0 


-20.  6107 
+3593.1777 
+1548.4482 
+1548.  4482 
+1698.1120 
+ 515.  2668 
+303. 7932 
+756. 3024 
+172. 0462 
+172. 0462 
+756. 3024 


Same  As 


28. 6738 
28. 6738 


+189.  0756 
-34.9730 
-34. 9730 
+189.0756 
-84.  9130 
+ 85.  8778 
+212.2640 
-128.  2380 
-128.  2380 
+302. 6420 
-25. 7634 
-21. 8785 


73. 2031 

78. 2031 


28.  6738 
23.  6738 


171.  7556 


70.  3840 
70. 3840 


286. 7530 
286.  7530 


6.  8702 
5.  3702 
+074.  7088 


+320.  7372 


TflPLE  2X 


Colunm  hei 


Column  height  10  ft, 


Column 


SPAM  20  FT 


ft:+0, 00  403 
C:  +o.ooqfc[ 
K:  -o.ooeoq 


trical 


Symmetrical 


JPlL 

A 

i2k 

A 

A = +3.ooo 

| c - -+  l.o°° 
R-  0 

R=  + l.lfe  2- 
C = +1.000 
K - 0 

A = 40.ooTfcfc 
C - +o.oofe'ffc 
R-.-0. 00182- 

A--  +3.q-ro 
C-  -i  i.ooo 
K-  o 

A---H-543 

C-  -t  I.OUO 

R = 0 

ft-  +0.00?3'fe 

c=  -+0  005*1 
R;-0.00nS 

+199.47 

+107.  77 

+0.  704 

+ 66.  81 

+ 50.  59 

+0.  214 

-293.13 

-158.  38 

-0.  826 

+226.  42 

+122. 30 

+0. 800 

+158.  82 

+103.  25 

+ 0.  534 

+0.  285 

-0.576 

Symir 

et'rical 

+0.  363 

+0.250 

Tfl&LE  m 


Column  height  21  ft. 


ft.+O.bo^OT 
C - +0,00i'0o 
-r. -0.00  II  s 


mm 

- 5.66 

— 

- 5. 66 

- 6.  63  || 

3 1 

+ 18.75 

+ 45.28 

+ 53.07 

a l 

+ 45.  85 

+ 45.85 

0 

J 2 

- 40.33 

-.40.  33 

- 47.  56  1 

2 3 

- 40.  33 

- 40.33 

- 47. 56 

1 3 

+ 28.30 

+ 28,30 

0 

1 4 

+ 28.30 

+ 54.84 

+ 53.  07 

3 4 

- 11.32 

- 11.32 

0 

4 5 

+ 88.30 

+ 28.30 

0 

3 6 

- 20.17 

- 20.17 

- 47. 56 

6 7 

- 20.17 

- 20.17 

- 47. 56 

5 7 

+ 28.30 

+ 28.30 

0 

4 8 
7 9 
7 10 
10  11 
6 9 

+ 33.96 

+ 97. 64 

+127.36  J 

+212.26 
-103.99 
-103.  99 
+212.26 

8 11 
8 12 
11  12 

11  13 
13  L 

12  K 
12  L 
K L 

Sym 

j 

letrical 

- 84.91 
+159.  20 
+212. 26 
-255.  26 
-255.  26 
+343. 90 
+ 87.56 
-35. 80 

- 29.7 
+124. 9 
+240.  9 
-211, 8 
-211. 8 
+148.  6 
+175.1 

- 59.4 
+148.  6 
-105.9 
-105.9 
+148.  6 
+241.8 


+ 78.80 
+128.  05 
-112. 53 
-112. 53 
+ 78.95 
+105.49 
- 3 
+ 78.95 


+ 78.95 
+158.44 


-0. 

071 

+0. 

335 

+0. 

645 

-0. 

512 

-0. 

512 

+0. 

398 

+0. 

469 

-0. 

160 

+0. 

398 

-0. 

230 

-0. 

230 

+0. 

398 

+0. 

749 

+0. 

154 

-0. 

165 

-0. 

165 

+0. 

154 

-0. 

062 

+0. 

347 

+0. 

154 

-0. 

273 

-0. 

273 

+0. 

249 

+0. 

,295 

-0. 

038 

+107.40 

+192.44 


ft  - -to.oo  ?So 
C - +o.0o-jo  8 
K-.-o.  ooii9 


ft  i+o.ooqn  + 
C - *o.oo319 
K*-o.oOi  I S’ 


A - +2. +£3 

C = i-  I. ooo 

R’  0 


H;  +S.Soo 
C - 4 l.ooo 

R-  o 


+219.  3 
+245.  8 


+107.40 


+219.  3 


Column  height  26  ft. 


-0.  070 
+0.302 
+0. 630 
-0.  499 
-0.  499 
+0.389 
+0.433 
-0.155 
+ 0.389 
-0.221 
-0.  221 
+0.  389 
+0.573 
+0.145 
-0.156 
-0.156 
+0.145 
-0.057 
+0.  311 
+ 0.145 
-0.  260 
-0.260 
+0.234 
+ 0.  262 
-0.037 


+0. 336 
+0.  449 
+0.  086 
-0.147 
-0.117 
+0.  086 
-0.  035 
+0.  231 
+0.086 
-0.179 
-0.179 
+ 0.141 
+0.  201 


Column  height  31  ft. 


- 36.  8 - 19.  38 

+148.  5 + 90.  68 

+298.4  +157.05 

-262.3  -138.13 

-262.3  -138.13 

+184.1  + 96.  90 

+210,6  +123.44 

- 73.  6 - 38.  72 

+184.1  + 96.90 

-131.0  - 68.97 

-131.0  - 68.9? 

+184.1  + 96.90 

+284.4  +179.94 


Symmetrical 


+219.  3 
+326.  6 


Symmetrical 


TflPLE  ZXtt. 


Column  height  26  ft 


Column  height  31  ft 


Column  height  16  ft 


A = +O.OOH 

C-  +O.OOfe19 
ft  ■-  -c.  oooife 


ft--  -fC.OOfctO 
C-  + ©.00+2fc 
-C.  ooo  81 


IS  ember 


++.lfc1 

4-1.000 


+ 1.100 
4 l.ooo 


H:+0.005fc3 
C : +0,Oo3H$ 
•Ri-O.OoC&l 


- 25.  0 
+122. 1 
+iai02 

-146.  6 
-146.  6 
♦113.  2 
+148.  5 

- 43c  3 
+113.2 

- 73e  3 

- 73c  3 
+113.2 
+220a  8 


- 15.08 
+ 860  79 
+107o  38 

- 86c  84 

- 860  84 
+ 67.05 
+102o  43 

- 26.  82 
+ 67.05 

- 43.42 

- 430  42 
+.  670  05 
+1 650  40 


- 21 o 32 
+123.  32 
+1 830  58 
-148.  36 
-148.  36 
+114c  60 
+149.  98 

- 45o  83 
+114. 60 

- 74.18 

- 74.18 
+114.  60 
+222.45 


+1690  811 
+283.  019 
-125.  952 
-125.  952 
+283.  019 
-113.204 
+212.264 
+283.  019 
-309,152 
-309.152 
+453.216 
+146.  225 
- 53.  702 


trioal 


trical 


Symme 


rlcal 


Elk 

A 

¥ 

+ 3.333 

A - + \MZZ. 

C : +|  . OOO 

c - +1.000 

0 

ft-  o 

- 31.  8 

- 23.15 

+•  108.5 

+ 114.12 

+ 226.3 

+ 164.  58 

- 183.2 

- 133.11 

- 183.2 

- 133.11 

+ 141.4 

+ 102.  80 

+ 141.4 

+ 138.18 

- 56.  6 

- 41.13 

+ 141.4 

+ 102.80 

- 91.  6 

- 66.  53 

- 91.  6 

- 66. 53 

+ 141.4 

+ 102.  80 

+ 169.8 

+ 208.30 

Symme 

trical 

' ,f  ?•:  v 


V'j 


TflPLE  M. 


SPAN  50  FT. 

y.im- xiSFV ■. . * 

in 

£Sk 

A 

¥ - 

Xemtoer 

* 

£k 

A 

- • ' ■ 

mM 

A* 

C-  -+  l.oco 

F?  = ;:0:t  ■ 

A;  -t-O.COLfJ'J 

C - +O.OOTJb 

T?s-0.oooriM-  j 

i 

-7-77T. T-] 

R 

C = -+1.000 
0 

0 

J 

- 7,  64 

- 7.  64 

- 9. 94 

- 20.3 

- 12.33 

-0.  078 

J 

1 

4*21  oil 

+ 60.50 

+ 78.78 

+ 95.  7 

+ 73.47 

+0.482 

G 

1 

+62.  63 

+ 620  63 

0 

+166.  9 

+1 01  o 1 3 

+0.  748 

J 

2 

-40.  45 

- 40.45 

- 52.66 

-107.9 

- 65.  30 

-0.444 

2 

3- 

•40.45 

- 40.45 

- 52.66 

-107.  9 

- 65.30 

-0.  444 

1 

3 

+42.45 

+ 42.45 

0 

+113.3 

+ 68.50 

+ 0.  506 

1 

4 

+37.  82 

+ 77.21 

+ 78.78 

+140.2 

+100.46 

+ 0.  683 

3 

4 

-16.  98 

- 16.98 

0 

- 45.3 

- 27.40 

-0.203 

4 

5 

+42.45 

+ 42.45 

0 

+113.3 

+ 68.  50 

+ 0.  506 

3 

6 

-20.  22 

- 20.22 

- 52.66 

- 53.9 

- 32.65 

-0.202  : 

6 

7 

— 20.  22 

- 20.  22 

- 52.66 

- 53.9 

- 32.  65 

-0.202 

5 

7 

+42.45 

+ 42.45 

0 

+113.3 

+ 68.  50 

+0.  506 

4 

8 

+ 50.  94 

+157.08 

+212.  26 

+242.  0 

+188.  38 

+1.233 

7 

9 

+353. 77 

+0.243 

7 

10 

-115.  87 

-0.155 

10 

11 

-115.  87 

-0.155 

8 

9 

Syrai 

metrical 

+353.  77 

Symmet 

rical 

+0.  243 

8 

11 

-141. 50 

-0.  098 

8 

12 

+236.  34 

,\ 

+0.  566 

11 

12 

+353. 77 

+ 0.  243 

11 

13 

-284.42 

-0.271 

13  L 

-284.42 

-0.271 

12 

K 

W 

+512.  88 

+ 0.  366 

12 

L 

+ 97.17 

*0.469 

K 

L 

— i .1 

- 53.  70 

i 

-I...  , 1, 

-0.  045 

Column  height  26  ft.  Column  height  31  ft. 


hi. 

A 

l2k 

A 

n a 

¥ ‘ 

P?.L 

A 

¥ 

9=  +3.3-33 
C-  -v  coc 
H *■  o 

ft*  -H.H-XI 
C - + 1.000 

K*  o 

A*  +o.oofc3s- 
c s+c.eou'jfe 
K»-o,ooo 

C * -H . oco 
K * © 

flt4i.no 
C t-f  1.000 

K'  o 

Hs+o.cofeoa 
C *+0.00337 
K * -o.  00070 

- 33.0 

- 18.74 

-0.  075 

- 32.  6 

- 17.49 

-0.  053 

+130.  9 

+ 91.10 

+0.  344 

+148.4 

+ 97.85 

+0.  288 

+221. 2 

+153.  38 

+0.  671 

+323.  6 

+173.43 

+0.  588 

— 1 75.  3 

- 99.15 

-0.  397 

-209.1 

-112.  05 

-0.  343 

— 1 /50  3 

- 99.15 

-0.397 

-209.1 

-112.05 

-0.  343 

+184.1 

+103.  95 

+0.455 

+219.3 

+117.  60 

+0.  399 

+203.  2 

+132.11 

*0.  522 

+234. 9 

+144.21 

+ 0.  445 

- 73.  6 

- 41.58 

-0.182 

- 87.7 

- 47.03 

— 0 « 159 

+184.1 

+103.95 

+0.455 

+219.3 

+117.  60 

+0.  399 

- 87.  6 

- 49.57 

-0.180 

-104.5 

- 56.02 

-0.153 

- 87.  6 

- 49.57 

-0.180 

-104.5 

- 56.02 

-0. 153 

+184.1 

+103.  95 

+0.455 

+219.3 

+117.  60 

+ 0.  399 

+ 326.  9 

+230.  98 

+0.  853 

+369.  3 

+247.28 

+0.  687 

+0.  213 

+0. 180 

-0.137 

-0.109 

-0.137 

-0.109 

Symm 

etrical 

+0.  213 

Sym 

netrical 

+0.150 

-0.085 

-0.  059 

+0.  414 

+0.  322 

+0.  213 

+ 0.150 

-0.  2*8 

-0.180 

-0.238 

+0.  319 

+0.  226 

+0.  331 

+ 0.263 

-0.045  | 

-0.  028 

Membe 


G J 
J 1 
G 1 
J 2 

2 3 
1 3 

I 4 

3 4 

4 5 

3 6 

6 7 

5 7 

4 8 

7 9 

7 1 
10  1 

8 9 
8 i; 
8 1 

II  1 
11  1 
13  L 
12  K 
12  L 
K L 


TAE5LE  2X1? 


Column  height  16  ft. 


SPAN  60  FT. 

* i r 

¥ 

Member 

' A 

8 = +l.fcfc'7 

C-  -H.  ooo 

R - o 

...  . 

A S -t 0 . (p3o 
C = 4 1.000 
K - o 

8-  +0.00‘f1  <t 

C : -t-c.ooisrr 
R.-e.ooofci 

A 

C 

K 

G J 

- 6o  36 

- 6.  36 

- 9.  94 

- 17.0 

- 10.37 

-0.  072 

J 1 

+ 12.02 

4 54,  96 

+ 85.  88 

+ 75.0 

+ 62.53 

+0.  421 

G 1 

+ 60o  53 

4-  60,  5S 

0 

+161.4 

+ 98.  71  ' 

+0.  747 

J 2 

- 37.31 

- 37.31 

- 58.29 

- 99,4 

- 60.81 

-0.  426 

2 3 

- 370  31 

- 37,31 

- 58.29 

- 99,4 

- 60.81 

-0.  426 

1 3 

4-  420  45 

4-  42.45 

0 

+113.2 

+ 69.20 

+0.  525 

1 4 

+ 34.35 

4-  77,29 

+ 85.  88 

+134.  5 

+ 98.94 

+0.  697 

3 4 

- 16.98 

- 16.88 

0 

- 45.3 

- 27.  68 

-0.209 

4 5 

+ 37.  82 

4-  37,82 

0 

+100.  8 

+ 61.64 

+0.467 

3 6 

- 18.  65 

- 18,65 

- 58.29 

- 49.8 

- 30.41 

-0.195 

6 7 

- 18.65 

- 18.65 

- 58.29 

- 49.8 

- 30.41 

-0.195 

5 7 

4-  37.82 

4-  37.82 

0 

+100.  8 

t 61.64 

+0.467 

4 8 

+ 50o  94 

+178.  30 

+254. 72 

+263.  2 

+210.  40 

+1. 437 

7 9 

. 

+378.15 

+0.  236 

7 10 

-128.  24 

i 

-0.152 

10  11 

-128.24 

-0.152 

8 9 

Symm< 

itrical 

+378.15 

Symm 

strical 

+0.236 

8 11 

-169,  80 

-0.106 

8 12 

+257. 63 

+0.  592 

11  12 

+424. 53 

+0.  266 

11  13 

-314.  77 

-0.  269 

13  L 

-314,  77 

-0.269 

12  K 

+605.  30 

+0.  378 

12  L 

+ 34.35 

+ 0.  452 

K L 

- 53,70 

S l : 

-0.  046 

Column  height  26  ft 


Column  height  31  ft 


hk 

A 

Pg  L 

~A 

P4L 

I 

A . 

S2k 

A 

¥ 

A-+J.333 

C ; 41 . ooo 
R *■  C 

8=  4 1,4-fcH 
C - 4 4.00  0 

R*  o 

8:  -tO.OOfcM-(r 
<L-  40.004+0 
R-  -O.COCJ7 

C--  4 l.o«o 
0 

ft*+i.yoi  - 
C : 44.  OOO 

■R  - 0 

R-+o,oofc2£ 
C-  *0.0034-3 
R*  -O.OOCS9 

- 27.  6 

- 15.  68 

-0.  063 

- 27.2 

- 14.73 

-0.  046 

+ 95.0 

+ 72.56 

+0.  271 

+105.  0 

+ 76.60 

+0.  213 

+262:  3 

+149.23 

+ 0.  657 

+012.  5 

+169,  63 

+0o  584 

-161.  6 

- 91.91 

-0.372 

-192.7 

-104.46 

-0.  326 
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15 

.550 
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.399 
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. 303 

r — ■ 
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12 
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. 800 

21 

. 603 
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v43.  38 
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. 558 

31 

. 517 
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